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hnt,?r ° t! 1C 111051 S0Ugtlt after com puter programming 
i, : ? aS ° n r ° r ‘ hiS iS sim P le: Programmers likf 

or Mm ? e ‘ lrnS 10 P ro 8 ram in C, it is very uncommon 

subtlety and el SWi ' Ch !° ‘ ln °' her lai Wc combine, 
^ucmred t S ‘ lnCe , W raW POWer and flexibility. It is a 

r r ' an i ' ase ? d0es n0t COnfine C also * a lan- 

®“ c g hat P uts y° u ' lhe programmer, firmly in charge C 
was Created by a programmer for programmers. It is not the 
contrived product of a committee, but rather the outcome of 
programmers looking fora better language. 

on .nTrpnr? , '" ld firSt im P lemenled by Dennis Ritchie 
on a DEC PDP-11 using the UNIX operating system. C is the 

result of a development process that started with an older 

language called BCPL, developed by Martin Richards. BCPL 

influenced a language called B, which was invented by Ken 

[ 9 h 7 ° 0 mpSOn/ aiU * ^ t0 development of C in the 
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For many years, the de facto standard for C was the one 
described in The C Programming Language by Brian Kernighan 
and Dennis Ritchie (Englewood Cliffs, NJ: Prentice-Hall, 
1978). However, as C grew in popularity, a committee was 
organized in 1983 to create an ANSI standard for C. At the 
time of this writing, the standard is complete and awaiting 
final approval. Virtually all C compilers already comply with 
the standard and the version of C you will learn in this book 
is based on that standard. 

C is often referred to as a middle-level language. Before C . 


there were basically two types of languages used to program 
computers. One is called assembly language, which is the 
symbolic representation of the actual machine instructions 
executed by the computer. Assembly language is a low-level • 
language because the programmer is working (in symbolic 
form) with the actual instructions that the computer will 
execute. Also, assembly language provides no control struc¬ 
tures. By contrast, a high-level language buffers the program¬ 
mer from the computer. A high-level language typically 


supplies various control structures, input and output com¬ 
mands, and the like, which make programming easier and 
faster. The elements of a high-level language mqy not relate 
very directly to the way the computer ultimately carries out 
the program. This separation often causes programs written 
using a high-level language to be less efficient than those 
written in assembly language. Because many people find 
assembly language programming to be an arduous task, 
there was a need for a language that could be used more 
easily and at the same time provide nearly the same effi¬ 
ciency as assembly language. This is one reason that C was 
initially designed. It successfully combines the structure of a 
high-level language with the power and efficiency of assem- 


y Initially C was used primarily for creating systems soft¬ 
ware Systems software consists of those programs that help 
run thecomputer. This includes such programs as operating 
systems, compilers, and editors. However, as C gained in 
popularity.itbegan to beused for general-purpose program¬ 
ing Today C is used by programmers for virtually any 
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programming task. It is a language that has survived the test 
of time and proven itself to be as versatile as it is powerful. 


About This Book 


This book is unique because it teaches you the C language 
by applying Mastery Learning Theory. Mastery Learning pres¬ 
ents one idea at a time. It uses numerous examples and 
exercises to help you master each topic before moving on. 

The material is presented sequentially. Therefore, work 
carefully through the chapters; each one assumes that you 
know r the material presented in all preceding chapters. 

This book teaches ANSI standard C. This ensures that 
your knowledge will be applicable to the widest range of C 
environments. The book also uses contemporary syntax and 
structure, which means that you will be learning the right 
way to write C programs from the very beginning. 

How This Book Is Organized 


This book is made up of 12 chapters and 3 appendixes. Each 
chapter (except Chapter 1) begins with a Skills Check, which 
consists of questions and exercises covering the previous 
chapter's material. The chapters are divided into sections. 
Each section covers one topic. At the end of each section are 
examples followed by exercises that test your mastery of the 
topic. At the end of each chapter, you will find a Mastery Skills 
Check, which checks your knowledge of the material in the 
chapter. Finally, each chapter presents an Integrating New 
Skills Check, which tests how well you are integrating new 
material with that presented in earlier chapters. 
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Conventions Used in This Book 


Whenever o part of a program (such as a variable name) 
is referenced in text, it is indicated by boldface type. When¬ 
ever a general form is referenced in text, it is indicated by 
italic type. 


Additional Help from Osborne/McGraw-Hill 


Osborne/McGraw-Hill provides top-quality books for com¬ 
puter users at every level of computing experience. To help 
you build your skills, vve suggest that vou look for the books 
in the following Osborne series that best address your needs 

The "Teach Yourself' series is perfect for people who 
have never used a computer before or who want to gain 
confidence in using program basics. These books provide a 
simple, slow-paced introduction to the fundamental uses of 
popular software packages and programming languages. 
The "Mastery Skills Check” format ensures you understand 
concepts thoroughly before you progress to new material. 
Plenty of examples and exercises (with answers at the back 
of the book) are used throughout the text. 

The "Made Easy" series is also for beginners or users who 
may need a refresher on the new features of an upgraded 
product. These in-depth introductions guide users step-bv- 
step from the program basics to intermediate-level usage. 
Plenty of "hands-on" exercises and examples are used in 
every chapter. 

The "Using" series presents fast-paced guides that cover 
beginning concepts quickly and move on to intermediate- 
level techniques and some advanced topics. These books are 
written for users already familiar with computers and soft¬ 
ware and who want to get up to speed fast with a certain 
product. 

The "Advanced" series assumes that the reader is a user 
with at least an intermediate skill level and is ready to learn 
more sophisticated techqniques and refinements. 
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"The Complete Reference" series provides handy desk¬ 
top references for popular software and programming lan¬ 
guages that list every command, feature, and function of the 
product along with brief but detailed descriptions of how 
they are used. These books are fully indexed and often 
include tear-out command cards. "The Complete Reference" 
series is ideal for both beginners and pros. 

The Pocket Reference" series is a pocket-sized, shorter 
'•ercion of "The Complete Reference" series. It provides the 
essential commands, features, and functions of software and 
programming languages for users of every level who need a 
quick reminder. 

The "Secrets, Solutions, Shortcuts" series is written for 
beginning users who are already somewhat familiar with the 
software and for experienced lasers at intermediate and ad¬ 
vanced levels. This series provides clever tips and points out 
shortcuts for using the software to greater advantage and 
indicates traps to avoid. 

Osbome/McGraw-Hill also publishes many fine books 
that are not included in the series described here. If you have 
questions about which Osborne books are right for you, ask 
the salesperson at your local book or computer store. 


Other Osborne/McGraw-Hill Books 
Of I nterest to You _ 

We hope that Teach Yourself C will assist you in mastering 
this popular programming langauge and will also encourage 
you to learn more about other ways to better use your 

computer. 

If you're interested in expanding your skills so you can 
be even more computer efficient, be sure to take advantage 
of Osborne/M-H's large selection of top-quality computer 
books covering all varieties of popular hardware, software, 
primming languages, and operating systems Wluie we 
cannot list every title here that may relate to C. and to your 
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special computing needs, here are just a few related books 
that complement Teach Yourself C. 

UNIX Made Easy is a step-by-step, in-depth introduction 
to UNIX that guides beginners to intermediate-level skills 
with the operating system developed by AT&T. 

If you're looking for an intermediate-level book, see 
Using UNIX System V Release 3, a fast-paced, hands-on guide 
that quickly covers basics and then discusses intermediate 
techniques and some advanced topics. If you're using UNIX 
System V Release 2, see A User Guide to the UNIX System, 
Second Edition. 

. For all UNIX users of System V Release 3.1 (from begin¬ 
ners who are somewhat familiar with the operating system 
to veteran users), see UNIX: The Complete Reference, the ideal 
desktop resource that discusses every command, as well as 
textprocessing, editing, programming, communications, the 
Shell, and the UNIX file system. 


Disk Offer 


There are many useful and interesting functions and pro¬ 
grams contained in this book. If you're like me, you probably 
would like to use them but hate typing them into the com¬ 
puter When 1 key in routines from a book it always seems 
that I type something wrong and spend hours trying to get 
the program to work. For this reason, I am offering the source 
code on disk for all the functions and programs contained in 
this book for $24.95. Just fill in the order blank on the next 
mee and mail it, along with your payment, to the address 
shown Or, if you're in a hifrry, just call (217) 586-4021 (the 
number of my consulting office) and place your order by 
telephone (VISA and MasterCard accepted). 


Scanned by CamScanner 



Introduction XXI 


I lease send me_copies, at $24.95 each, of the 

source code to the programs 'm’Teach Yourself C. Foreign 
orders, please add $5 shipping and handling. 

Name 


Address 


Clt y State ZIP 


Telephone 

Disk size (check one): 5 1 /4"_ 3 1 /2"_ 

Method of payment: check_VISA_MC 

Credit card number: 


Expiration date: 


Signature: 


Send to: 

Herbert Schildt 
RR1, Box 130 
Mahomet, II 61853 

or phone: (217) 586-4021 

This offer subject to change or cancellation at any time. 

This is solely (ho offering of (he author. Osbomc McGraw-Hill takes no responsibility for 
the fulfillment of this offer. Please allow four to si* weeks for delivery 
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•Why This Book Is for You® 


°'' ,u " * n program in C, this book is for you. It assumes tli.it you have no 
•gtamming experience. I lowever, if you can already program m another 

HI will bn I. . 


11 you want to 
previous ptogr. 

, ‘ o~ i uiwrvi’i', ii yuu urn 

nR “; l !* e l ' y ° U wl11 lv a, ' K ' move along more quickly. 

I lus book teaches you to program in ANSI Standard ('. This means that you will 
^ ^ ^iis book with virtually any t ’ compiler. This book focuses on sty It* and 

striu turi horn the start; by the time you finish, you will be writing professional-look¬ 
ing programs. 

Computer programming is learned best by doing. Towards this end, this book 
contains numeious examples and exercises that you can work through. When you 
tomplc te the book, you can definitely call yourself a C programmer. 


Learn More About C 


Here is an excellent selection of other Osbornc/McGraw-1 lillbooksonCthat will help 
you build your skills and maximize the power of the programming language you have 
selected. 

ANSI C Made Easy is a thorough, step-by-step introduction to the ANSI standard 
of the C programming language. Plenty of clear examples and hands-on exercises that 
facilitate both quick and lasting comprehension are included. This book guides you 
from beginning to intermediate-level programming. 

Using C++ covers beginning concepts to intermediate-level techniques, as well as 
some advanced programming topics. You'll find out all about the object-oriented 
version of C that's the talk of programmers everywhere. 

C: The Complete Reference, now available in a second edition that covers ANSI C 
is for all C programmers, from beginners who are somewhat familiar with the 
language to veteran C programmers. This comprehensive reference discusses C basics 
as well as C library functions by category, algorithms, C applications, the program¬ 
ming environment, and C's latest direction—C++. 

If you're an experienced C programmer, Advanced C, Second Edition explores more 
sophisticated ANSI C topics such as dynamic allocation and interfacing to assembly 
language routines and the operating system. 


1 
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C Fundamentals 


The individual elements of a computer language such 
as C do not stand alone, but rather in conjunction with 
one another. Therefore, it is necessary to understand 
several key aspects of C before examining each element 
of the language in detail. To this end, this chapter 
presents a quick overview of the C language. Its goal is 
to give you sufficient working knowledge of C so that 
you can understand the examples in later chapters. 
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As you work through this chapter, don't worry if a 
few points arc not entirely clear. The main thing you 
need to understand is how and why the example pro¬ 
grams execute as they do. Keep in mind that most of the 
topics introduced in this chapter will be discussed in 
greater detail later in this book. In this chapter, you will 
learn about the basic structure of a C program; what a 
C statement is; and what variables, constants, and func¬ 
tions are. You will learn how to display text on the 
screen and input information from the keyboard. 

To use this book completely, you must have a com¬ 
puter, a C compiler, and a text editor. Your compiler 
may include its own text editor, in which case you won't 
need a separate one. For the best results, you should 
work along with the examples and try the exercises. 


-ij UNDERSTAND THE 
1 COMPONENTS OF AC PROGRAM 


All C programs share certain essential components and 
traits. All C programs consist of one or more functions, 
each of which contains one or more statements. In C, a 
function is a named subroutine that can be called by 
other parts of the program. Functions are the building 
blocks of C. A statement specifies an action to be per¬ 
formed by the program. In other words, statements are 
the parts of your program that actually perform opera¬ 
tions. Statements are contained within functions. 

All C statements end with a semicolon. C does not 
recognize the end of the line as a terminator. This means 
there are no constraints on the position of statements 
within a line. Also, you may place two or more state¬ 
ments on one line. 

The simplest form of a C function is shown here 
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function-name{) 

{ 

statement sequence 

} 


where function-name is the name of the function and the 
statement sequence may be one or more statements. 
(Technically, a function can contain no statements, but 
since this means that the function performs no action, it 
is a degenerative case.) With few exceptions, you can 
call a function by any name you like. But, it must be 
comprised of only the upper- and lowercase letters of 
the alphabet, the digits 0-9, and the underscore. C is 
case-sensitive, which means that C recognizes the differ¬ 
ence between upper- and lowercase letters. Thus, as far 
as C is concerned, Myfunc and myfunc are entirely 
different names. 

Although a C program may contain several func¬ 
tions, the only function that it must have is main (). The 
main( ) function is the function at which execution of 
your program begins. That is, when your program 
begins running, it starts executing the statements inside 
the main( ) function, beginning with the first statement 
after the opening curly brace. Execution of your pro¬ 
gram terminates when (conceptually) the closing curly 
brace is reached. (The actual curly brace does not exist 
in the compiled version of your program, but it is 
helpful to think of it in this way.) 

Throughout this book, when a function is referred 
to in text, it will be printed in bold and followed by 
parentheses. This way, you can see immediately that the 
name refers to a function, not some other part of the 
program. 

Another important component of all C programs 
library functions. The ANSI C standard specifies a i iiiv- 


Scanned by CamScanner 


6 Tr.ich Votirsi'lf ( 


mnl set of library functions to be supplied by all C 
compilers, which your program may use. This collec¬ 
tion of functions is usually referred to as th uC standard 
library. The standard library contains functions to per¬ 
form disk I/O (input/output), string manipulations, 
mathematics, and much more. When your program is 
compiled, the code for library functions is automatically 
added to your program. In most other computer lan¬ 
guages, like BASIC or Pascal, these functions are built 
into the language. The advantage of having them as 
library functions is increased flexibility. As you will see, 
virtually all C programs you create will use functions 
from the C standard library. 

One of the most common library functions is called 
printf(). This is C's general-purpose output function. 
Although printff) is quite versatile, its simplest form is 

pnnti("string-to-output "); 

The printff) function outputs the characters that are 
contained between the beginning and ending double 
quotes to the screen. (The double quotes are not dis¬ 
played on the screen.) In C, one or more characters 
enclosed between double quotes is called a string. The 
quoted string between printff )'s parentheses is said to 
be an argument to printf(). In general, information 
passed to a function is called an argument. In C, calling 
a library function is a statement; therefore, it must end 
with a semicolon. 

To call a function, you specify its name followed by 
a parenthesized list of arguments that you will be pass¬ 
ing to it. If the function does not require any arguments, 
no arguments will be specified—and the parenthesized 
list will be empty. If there is more than one argument, 
the arguments must be separated by commas. 
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Another component common to most C programs 
is the header file. In C, information about the standard 
library functions is found in various files supplied with 
your compiler. The files all end with a .H extension. The 
C compiler uses the information in these files to handle 
the library functions properly. You add these files to 
your program using the #include compiler preprocessor 
diiective. All C compilers use as their first phase of 
compilation a preprocessor, which performs various ma¬ 
nipulations on your source file before it is actually 
compiled. Preprocessor directives are not actually part 
of the C language, but rather instructions from you to 
the compiler. The #include directive tells the preproces¬ 
sor to read in another file and include it with your 
program. You will learn more about the preprocessor 
later in this book. The most commonly required header 
file is called STDIO.H. This directive includes this file. 

#include "stdio.h" 

You can specify the file name in either upper- or lower¬ 
case, but lowercase is the traditional method. The 
STDIO.H header file contains, among other things, in¬ 
formation related to the printff) library function. No¬ 
tice that the #include directive does not end with a 
semicolon. The reason for this is that #include is not a 
C keyword that can define a statement. Instead, it is an 
instruction to the C compiler itself. 

One last point: With few exceptions, C ignores 
spaces. That is, it doesn't care where on a line a state¬ 
ment, curly brace, or function name occurs. If you like, 
you can even put two or more of these items on the same 
line. The examples you will see in this book reflect the 
way C code is normally written; it is a form you should 
follow. The actual positioning of statements, functions, 
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and braces, however, is a stylistic, not a programming, 
decision. 


Examples 

1. Since all C programs share certain common traits, 
understanding one program will help you under¬ 
stand many others. One of the simplest C programs 
is shown here. 

#include "stdio.h" 
main ( ) 

{ 

printf("This is a short C program."); 

) 

When compiled and executed, this program dis¬ 
plays the message This is a short C program on the 
screen of your computer. 

Even though this program is only five lines long, 
it illustrates those aspects common to all C pro¬ 
grams. Let's examine it line by line. 

The first line of the program is 

#include "stdio.h" 

It causes the file STDIO.H to be read by the C com¬ 
piler and to be included with the program. This file 
contains information related to printf(). 

The second line, 

main ( ) 

begins the main() function. As stated earlier, all Q 
programs must have a main() function. This is 
where program execution begins. 

After main() is an opening curly brace. This 
marks the beginning of statements that make up the 
function. 
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The next line in the program is 

printfC'This is a short C program."); 

This is a C statement. It calls the standard library 
function, printff), which causes the string to be 
displayed. Finally, the program ends when the clos¬ 
ing curly brace is encountered. 

2. Here is another simple C program. 

#include "stdio.h" 

main( ) 

{ 

printfC'This is "); 
printf("another C "); 
printf("program."); 

) 

This program displays This is another C program 
on the screen. The key point to this program is that 
statements are executed sequentially, beginning 
with the opening curly brace and ending with the 
closing curly brace. 


ry CREATE AND COMPILE 
A PROGRAM 


How you will create and compile a program is deter¬ 
mined to a very large extent by the compiler you are 
using and the operating system under which it is run¬ 
ning. If you are using an IBM PC or compatible, you 
have your choice of a number of excellent compilers, 
such as Turbo C and Quick C, that contain integrated 
program-development environments. If you are using 
such an environment, you can edh, compile, and run 
your programs directly inside this environment. 1 his is 
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an excellent option for beginners—just follow the in¬ 
structions supplied with your compiler. 

If you are using a traditional command-line com¬ 
piler, such as the UNIX C compiler, then you need to 
follow these steps to create and compile a program. 

1. Create your program using an editor. 

2. Compile the program. 

3. Execute your program. 

The exact method to accomplish these steps will be 
explained in the user's manual for your compiler. 

When naming your program's file, you should give 
it a .C extension. This will help you recognize those files 
that contain C programs. Also, some compilers auto¬ 
matically assume that a file containing a C program will 
use the .C extension. 

, Th e file that contains the C program that you create 
is called the source file. The file that contains the com¬ 
piled form of your program that the computer executes 
is called the object file or, sometimes, the executable file. 

If you enter something into your program incor¬ 
rectly, the compiler will report syntax error messages 
when it attempts to compile your entry. Most C compil¬ 
ers attempt to make sense out of your source code no 
matter what you have written. For this reason, the error 
that gets reported may not always reflect the actual 
cause of the error. For example, accidentally forgetting 
the opening curly brace to the main() function in the 
preceding sample programs will cause some compilers 
to report the printff) statement as an incorrect identi¬ 
fier. So, when you receive a syntax error message, be 
prepared to look at the last few lines of code in your 
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program before the point at which the error is reported 
to find its cause. 

Many C compilers report not only actual errors but 
a so warning errors. The C language was designed to 
e \erv forgiving and to allow virtually anything that 
is syntactically correct to be compiled. However, some 
things, even though syntactically correct, are highly 
suspicious. When the compiler encounters one of these 
situations it prints a warning. You, as the programmer, 
then decide whether its suspicions are justified or not. 
Frankly, some compilers are a bit too helpful and flag 
warnings on perfectly correct C statements. More im¬ 
portant, some compilers allow you to enable various 
options.that simply report information about your pro¬ 
gram that you might like to know. Sometimes this type 
of information is reported in the form of a warning 
message, even though there is'nothing to be "warned" 
about. The programs in this book are in compliance 
with the ANSI standard for C and will not generate any 
warning messages about which you need be concerned. 
Generally speaking, if you use your compiler's default 
error checking, you will not see any warning messages. 

Examples 

1. If you are using Turbo C, you can create and compile 
your program using the integrated environment. If 
you are using the command-line interface, you will 
use a command line such as this (assuming that lire 
name of your program is called TEST.C) to compile 
the program once you have used a text editor to 
create it. 

TCC TEST.C 
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2. If you are using Microsoft C, this command line will 
compile your program after using a text file to create 
it. (Again, assume that the program is called 
TEST.C.) 

CL TEST.C 

3. If you are using QuickC, you can edit, compile, and 
run your program from within its integrated envi¬ 
ronment. 

Exercises 

1. Enter into your computer the example programs 
from Section 1.1. Compile them and run them. 

q DECLARE VARIABLES 
1 *0 AND ASSIGN VALUES 


A variable is a named memory location that can hold 
various values. Only the most trivial C programs do not 
include variables! In C, unlike some computer lan¬ 
guages, all variables must be declared before they can 
be used. A variable's declaration serves one important 
purpose: It tells the C compiler what type of variable is 
being used. C supports five different basic data types, 
as shown in Table 1-1 along with the C keywords that 
represent them. Don't be confused by void. This is a 
special-purpose data type, which we will examine 
closely in later chapters. 

A variable of type char is generally 8 bits long and 
is most commonly used to hold a single character 
Because C is very flexible, a variable of type char can 
also be used as a "little integer" if desired. 
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TABLE 1-1. 

C's Five Basic Data Types 


Type 

Meaning 

Keyword 

character 

character data 

char 

integer 

signed whole numbers 

int 

float 

floating-point numbers 

float 

double 

double precision 
floating-point numbers 

double 

void 

valueless 

void 


Integer variables (int) may hold signed whole num¬ 
bers (numbers with no fractional part). Typically, an 
integer variable may hold values in the range - 32,768 
to 32,767 (although on some computers, the range will 
be greater). 

Variables of type float and double hold signed float- 
ing-point values, which may have fractional compo¬ 
nents. The difference between float and double is that 
double provides about twice the precision (number of 
significant digits) as does float. Variables of types float 
and double can hold very large values. 

To declare a variable, use this general form. 

type var-name ; 

where type is a C data type and var-name is the name of 
the variable. For example, this declares counter to be of 
type int. 


int counter; 

In C, a variable declaration is a statement and it must 
end in a semicolon. 
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There arc two places where variables are declared: 
inside a function or outside all functions. Variables 
declared outside all functions are called global variables 
and they may be accessed by any function in your 
program. Global variables exist the entire time your 
program is executing. 

Variables declared inside a function are called local 
variables. A local variable is known to and may be 
accessed by only the function in which it is declared. It 
is common practice to declare all local variables used by 
a function at the start of the function, after the opening 
curly brace. There are two important points you need 
to know about local varables at this time. First, the local 
variables in one function have no relationship to the 
local variables in another function. That is, if a variable 
called count is declared in one function, another vari- 
able called count may also be declared in a second 
function—the two variables are completely separate 
from and unrelated to each other. The second thing you 
need to know is that local variables are created when a 
function is called, and they are destroyed when the 
function is exited. Therefore local variables do not 
maintain their values between function calls. The exam¬ 
ples in this and the next few chapters will use only local 
variables. Chapter 4 discusses more thoroughly the 
issues and implications of global and local variables 
You can declare more than one variable of the same 
type by using a comma-separated list. For example, this 
declares three floating-point variables, x, y, and z. 

float x, y/ z; 

Like function names, variable names in C can consist 
of the letters of the alphabet, the digits 0 through 9, and 
the underscore. C is case-sensitive. This means that the 


Scanned by CamScanner 



C Fundamentals 15 


1 

nn ^ lowercase letters are treated as entirely 
i erent letters. As far as C is concerned, for example, 
count and COUNT are two completely different vari¬ 
To assign a value to a variable, put its name to the 
e t o an equal sign. Put the value you want to give the 
variable to the right of the equal sign. In C, an assign¬ 
ment operation is a statement; therefore, it must be 
terminated by a semicolon. The general form of an 
assignment statement is 

variable-name = value; 

For example, to assign an integer variable named num 
the value 100, you can use this statement: 

num = 100; 

Just as there are different types of variables, 
are different types of constants. A constant is a fixed 
value used in your program. Constants are often used 
to initialize variables at the beginning of a program's 
execution. 

A character constant is specified by placing the char¬ 
acter between single quotes. For example, to specify the 
letter "A," you would use 'A'. Integers are specified as 
whole numbers. Floating-point values must include a 
decimal point. For example, to specify 100.1, you would 
use 100.1. If the floating-point value you wish to specify 
does not have any digits to the right of the decimal 
point, then you must use 0. For example, to tell the C 
compiler that 100 is a floating-point number, use 100.0. 

You can use printff) to display values of characters, 
integers, and floating-point values. To do so, however, 
requires that you know more about the printf() func- 
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tion. To see how this is done, let's look first at an 
example. This statement 


printf ("this' prints the number °-d", 99);- 

displays this prints the number 99 on the screen. As 
you can see, this call to printf() contains not one, but 
two arguments. The first is the quoted string and the 
other is the constant 99. Notice that the arguments are 
separated from each other by a comma. In general, 
when there is more than one argument to a function, the 
arguments are separated from each other by commas. 
The operation of the printff) function is as follows. The 
first argument is a quo.ted string that may contain either 
normal characters or format specifiers that begin with 
the percent sign. Normal characters are simply dis¬ 
played as is on the screen in the order in which they are 
encountered in the string (reading left to right). A for- 
rpatspecifier, on the other hand, informs printf() that 
a different type item is to be displayed. In this case, the 
%d means that an integer is to be output in decimal 
format. The value to be displayed is found in the second 
argument. This-rahis-is-then output to the screen at the 
point at which the forma t specifier is found in the string. 
To understand the relationship between the normal 
characters and the format codes, examine this state¬ 
ment. 

printf ("This displays %d, too", 99); 

Now the call to printf() displays This displays 99, too. 
The key point is that the value associated with a format 
code is displayed at the point where that format code is 
encountered in the string. 
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If you want to specify a character value, the format 
specifier is %c. To specify a floating-point value, use %f. 
The % f works for both float and double. As you will see, 
printff) has many more capabilities. 

Keep in mind that the values matched with the 
format specifier need not be constants; they may be 
variables, too. 

Examples 

1. The program shown here illustrates the three new 
concepts introduced in this section. First, it declares 
a variable named num. Second, it assigns this vari¬ 
able the value 100. Finally, it uses printff) to display 
the value is 100 on the screen. Examine this program 
closely. 

#include "stdio.h" 
main ( ) 

{ 

int num; 
num — 100; 

printf("the value is %d", num); 

) 

The statement 
int num; 

declares num to be an integer variable. 

To display the value of num, the program uses 

this statement. 

printffthe value is %d", num); 

This program creates variables of types char, float, 
and double; assigns each a value; and outputs these 
values to the screen. 
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♦include "stdio.h" 

main( ) 

{ 

char ch; 
float f; ' 
double d; 

ch = 'X'; 
f = 100.123; 
d = 123.009; 

printf("ch is %c, ", ch) ; 
printf("f is %f, ", f); 
printf("d is %f", r!* ; 


Exercises 

- 1. Enter, compile, and run the example programs in 
this section. 

2. Write a program that declares one integer variable 
called num. Give this variable the value 1000 and 
then, using one printf() statement, display the val¬ 
ue on the screen like this: 

1000 is the^air«e-'T>f num 


1 A INPUT NUMBERS FROM 

1.4 the keyboard 


Although there are actually several ways to input nu¬ 
meric values from the keyboard, one of the easiest is to 
use another of C s standard library functions called 

u 
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scanf(). Although it possesses considerable versatility, 
we will use it in this chapter to read only integers and 
floating-point numbers entered from the keyboard. 

To use scanf() to read an integer value from the 
keyboard, call it using the general form 

scanf("%d", &cint-var-name); 

where int-var-namc is the name of the integer variable 
you wish to receive the value. The first argument to 
scanf() is a string that determines how the second 
argument will be treated. In this case, the %d specifies 
that the second argument will be receiving an integer 
value entered in decimal format. This fragment, for 
example, reads an integer entered from the keyboard. 

int num; 

scanf ("%d", &num) 

The & preceding the variable name is essential to the 
operation of scanf(). Although a detailed explanation 
will have to wait until later, loosely, the & allows a 
function to place a value into one of its arguments. 

It is important to understand one key point: When 
you enter a number at the keyboard, you are simply 
typing a string of digits. The scanf() function waits 
until you have pressed ENTER before it converts the 
string into the internal binary format used by the com¬ 
puter. 

To read a floating-point number from the keyboard, 
call scanf() using the general form 

scanf(”%f", Szfloat-var-nawe ); 


«* 
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where float-var-name is the name of a variable that is 
declared as being of type float. If you want to input to 
a double variable, use the %Jf specifier. 

Notice that the format specifiers for scanff) are 
similar to those used for printf() for the corresponding 
data types except that %lf is used to read a double. This 
is no coincidence—printf() and scanf() are comple¬ 
mentary functions. 


Examples 

1. This program asks you to input an integer and a 
floating-point number and displays the values. 

#include "stdio.h" 

0 

main( ) 

{ 

int num; 
float f; 

printf("Enter an integer: "); 
scanf("%d", Snum) ; 

printf("Enter a floating point number: ") * 
scanf ("%f", if); 
printf ("%d ", num) ; 
printf f); 


Exercises 

1. Enter, compile, and run the example program. 

2. Write a program that inputs two floating-point 
numbers (use type float) and then displays their 
sum. 
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1 R PERF °RM calculations using 
ARITHMETIC expressions _ 

In C, the expression plays a much more important role 
t. an it does m most other programming languages. Part 
of the reason for this is that C defines many more 
operators than do most other langauges. An expression 
is a combination of operators and operands. C expres¬ 
sions follow the rules of algebra,'so, for the most part, 
they will be familiar. In this section we will look only at 
arithmetic expressions. 

C defines these five arithmetic operators: 

Meaning 
addition 
subtraction 
multiplication 
division 
modulus 

The +, / and * operators may be used with any of the 

basic data types. However, the % may be used with 
integer types only. The modulus operator produces the 
remainder of an integer division. This has no meaning 
when applied to floating-point types. 

The - has two meanings. First, it is the subtraction 
operator. Second, it can be used as a unary minus to 
^ reverse the sign of a number. A unary operator uses 
only one operand. 

An expression may appear on the right side of an 
assignment statement. For example, this program frag¬ 
ment assigns the integer variable answer the value of 
100*31. 


Operator 

+ 


/ 

% 
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int answer; 
answer = 100+31; 


The *, /, and % are higher in precedence than the + 
and the However, you can use parentheses to alter 
the order of evaluation. For example, this expression 
produces the value 0, 

10-2*5 

V 

but this one produces the value 40. 

(10-2) *5 


A C expression may contain variables, constants, or 
. both. For example, assuming that answer and count are 
"variables, this expression is perfectly valid. 

answer =■ count - 100; 

Finally, you may use spaces liberally within an ex- 
pression. 


Examples 


1. As stated earlier, the modulus operator returns 
remainder of an integer division. The remainder nf 
10 % 3 equals 1 for example. This program shows 
the outcome of some integer divisions and rh!^ 
remainders. meir 


Scanned by CamScanner 



C Fundamentals 23 


#include "stdio.h" 

main ( ) 

( 

printf("%d", 5/2); 
printf (•' %d", 5 %2) ; 
printf (•’ %d", 4/2); 
printf(" %d", 4 % 2 ) • 

) 

This program displays 2 12 0 on the screen. 

2. In long expressions, the use of parentheses and 
spaces can add clarity, even if they are notnecessary. 
For example, examine this expression. 

count*num+88/val-19%count 

This expression produces the same result, but is 
much easier to read. 

(count * nun) + (88 / val)-- (19 % count) 

3. This program computes the area of a rectangle, giv¬ 
en its dimensions. It first prompts the user for the 
length and width of the rectangle and then displays 
the area. 

♦include "stdio.h" 

main ( ) 

1 

int len, width; 

printf("Enter length: "); . 

scanf("Id", &len); 
printf("Enter width: ") ; 
scanf("%d", &width); 

printf("area is %d", len * width); 

) 
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4. As stated earlier, the - can be used as a unary 
operator to reverse the sign of its operand. To see 
how this works, try this program. 

. #include "3tdio.h" 

main( ) 

{ 

int i; 

i = 10; 
i = -i; 

printf ("this is i: Id", i) ; r 

} 


Exercises 

1. Write a program that computes the volume of a 
cube. Have the program prompt the user for each 
dimension. 

2. Write a program that computes the number of sec¬ 
onds in a year. 

1 ^ ADD COMMENTS TO A PROGRAM 

A comment is a note to yourself (or others) that you put 
into your source code. All comments are ignored by the 
compiler. They exist solely for your benefit. Comments 
are used primarily to document the meaning and pur¬ 
pose of your source code, so that you can remember 
later how it functions and how to use it. 

In C, the start of a comment is signaled by the /* 
character pair. A comment is ended by */. For example 
this is a syntactically correct C comment: P ' 
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/* This is a comment. */ 


Comments can extend over several lines. For exam¬ 
ple, this is completely valid in C. 


/* 

This is a longer comment 
that extends over 
five lines. 

*/ 

In C, a comment can go anywhere except in the 
middle of any C keyword, function name, or variable 
name. 

You can use a comment to temporarily remove a line 
of code. Simply surround the line with the comment 
symbols. 

One final point: In C, you can't have one comment 
within another comment. That is, comments may not be 
nested. For example, C will not accept this: 

/* this is a comment /* this is another comment 
nested inside the first - which will cause 
a syntax error */ with a nested comment 

*/ 

Examples 

1. A year on Jupiter (the time it takes for Jupiter to 
make one full circuit around the Sun) takes about 12 
Earth years. The following program allows you to 
convert Earth days to Jovian years. Simply specify 
the number of Earth days, and it computes the equi¬ 
valent number of Jovian years. Notice the use of 
comments throughout the program. 
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/* Tnis program converts ^art.h d-=>yj into Jovian years. */ 

#include "stdio.h" 

main( ) 

I 

float e_days; /* number of earth days */ 

float j_years; /* equivalent number of Jovian years */ 

/* get number of earth days */ 

printf("Enter number of earth days: "); 

scanf("%f", 4e_days); 

/* now, compute Jovian years */ 
j_years = e_days / (365.0 * 12.0); 

/* display the answer */ 

printf("Equivalent Jovian years: %f", j_years); 

) 

Notice that comments can appear on the same line 
as do other C program statements. 

Comments are often used to help describe what 
the program is doing. Although this program is easy 
to understand even without the comments, many 
programs are very difficult to understand even with 
the liberal use of comments. For more complex pro¬ 
grams, the general approach is the same as used 
here: simply describe what the program is doing. 

Also notice the comment at the start of the program. 

In general, it is a good idea to identify the purpose 
of a program at the top of its source file. 

2 You cannot place a comment inside the name of a 
function or variable name. For example, this is an 
incorrect statement. 

pri/* wr o n g */ntf(”this won't work"); 
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Exercises 

1. Go back and add comments to the programs devel¬ 
oped in previous sections. 

2. Is this comment correct? 

/**/ 

3. Is this comment correct? 

/* printf ("this is a test"); */ 

\ < 7 WRITE YOUR OWN FUNCTIONS 


Functions are the building blocks of C. So far, the pro¬ 
grams that yoi; have seen have included only one func¬ 
tion: main(). Most real-world programs that you will 
write, however, will contain many functions. In this 
section you will see some examples of programs that 
contain multiple functions. 

The general form of a C program that has multitple 
functions is shown here: 

/* include header files here V 

main() 

{ 

} 

fio 
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l 


) 

f2() 

{ 


} 


fNO 

{ 


} * 

Of course, you will call your functions by different 
names. 

When a function (except main()) encounters its clos¬ 
ing curly brace, it returns to the line after the point it 
was called. Also, any function inside the program may 
call any other function at any time. (Traditionally, 
main() is not called by any other function, however, 
even though there is no technical restriction to this 

effect.) 
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Examples 

1. The following program contains two functions: 
main() and funcK). Try to determine what it dis¬ 
plays on the screen before reading the description 
that follows it. 

/* A program with two functions */ 

#include "stdio.h" 

main( ) 

{ 

printf ("I "); 
fund ( ) ; 
printf ("C."); 

} 

fund ( ) 

{ V 

printf ("like "); 

) 

This program displays I like C on the screen. 
Here is how it works. In main( ), the first call to 
printf( ) executes, printing the I. Next, funcl( ) is 
called. This causes the printf( ) inside funcl( ) to 
execute, displaying like. Since this is the only state¬ 
ment inside funcl( ), the, function returns. This 
causes execution to resume inside main( ) and the 
C. is printed. Notice that the statement that calls 
funcl( ) ends with a semicolon. (Remember a func¬ 
tion call is a statement.) 

The key point to understand about writing your 
own functions is that, except for mainf), when the 
dosing curly brace is reached the function will re- 
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turn, and execution resumes one line after the point 
at which the function was called. 

2. This program prints 1 2 3 on the screen. 

/* program has three functions. */ 

#include "stdio.h" 

main ( ) 

{ 

func2 ( ) ; 
printf("3"); 

} 

func2( ) 

{ 

fund ( ) ; 
printf("2 "); 

} 

fund ( ) 

{ 

printf("1 "); 

1 

In this program, main() first calls func2(), 
which then calls funcl(). Next, funcl() displays 1 
and then returns to func2(), which prints 2 and then 
returns to main(), which prints 3. 

« 

Exercises 

1. Enter, compile, and run the two example programs 
in this section. 

2. Write a program that contains at least two functions 
and prints the message The summer soldier, the 
sunshine patriot. 
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1 O USE FUNCTIONS TO 
J- RETURN VALUES 


In C, a function may return a value to the calling rou tine. 
For example, another of C's standard library functions 
is sqrt( ), which returns the square root of its argument. 
For your program to obtain the return value, you must 
put the function on the right side of an assignment 
statement. For example, this program prints the square 
root of 10. 


#include "stdio.h" 

tinclude "math.h" /* needed by sqrt ( ) */ 

main( ) 

{ 

double answer; 

answer = sqrt(10.0); 
printf ("%f", answer); 

1 

This program calls sqrt( ) and assigns its return value 
to answer. Notice that sqrt( ) uses the MATH.H header 
file. 

Actually, the assignment statement in the preceding 
program is not technically necessary because sqrt() 
could simply be used as an argument to printf( ), as 
shown here. 

^include "stdio.h" 

#include "math.h" /* needed by sqrt( ) */ 

main( ) 

{ 

printf sqrt (10.0)); 
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The reason this works is that C will automatically call 
sqrt() and obtain its return value before calling print i() 
The return value then becomes the second argument to 
printf(). If this seems strange, don't worry; you will 
understand this sort of situation better as you learn 
more about C. 

9 

The sqrt< ) function requires a floating-point value 
for its argument, and the value it returns is of type 
double. It is important that you match the type of value 
a function returns with the variable that it will be as¬ 
signed to. As you learn more about C, you will see why 
this is so important. It is also important that you match 
the types of a function's arguments to the types it 
requires. 

When writing your own functions, you can return a 
value to the calling routine using the return statement. 
The return statement takes the general form 

• 

return value; 

where value is the value to be returned. For example, 
this program prints 10 on the screen. 

#include "stdio.h" 

main ( ) 

( 

int num; 

num =* fupc( ); 
printf("od", num); 

1 

• • 

func ( ) 

{ 

return 10; 
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In this example, func() returns an integer value. Al¬ 
though you can create functions that return any type of 
data, functions return values of type int by default. 

Later in this book, you will learn how to return other 
types. 

One important point: When the return statement is . 
encountered, the function returns immediately. No 
statements after it will be executed. 

The value associated with the return statement need 
not be a constant. It can be any valid C expression. 

It is possible to cause a function to return by using 
the return statement without any value attached to it, 
making the returned value undefined. Also, there can 
be more than one return in a function. You will see 
examples of these uses for return later in this book. 

Even though a function returns a value, you don't 
necessarily have to assign that value to anything. If the 
return value of a function is not used, it is lost, but no 
harm is done. 


Examples 

1. This program displays the square of a number en¬ 
tered from the keyboard. The square is computed 
using the get_sqr() function. Its operation should be 

clear. 

#include "stdio.h" 

main( ) 

{ 

int sqr; 

sqr = get_sqr( ) ; 

printf("square: %d", sqr), 

) 
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! 


get_sqr( ) 

( 

int num; 

printf("enter a number: "); 
scant ("Id", Snum) / 

return num*num; /* square the number */ 

) 

2. As mentioned earlier, you can use return without 
specifying'a value. This allows a function to return 
before its closing curly brace is reached. For exam¬ 
ple, in the following program, the line this is never 
printed will not be dislayed. 

#include "stdio.h" 

main( ) 

( 

fund ( ) ; 

} 

fund ( ) 

( 

printf("this is printed"); 
return; 

printf ("this is never printed"); 


Exercises 

1. Enter, compt^^and^run the example program, in 
this section. 

2. Write a program that uses a function called convert*), 
which prompts the user for an amount in dollars and 
returns this value converted into pounds. (Use an 
exchange rate of $2.00 per pound.) Display the con¬ 
version. 
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3. What is wrong with this program? 
#include "stdio.h" 

main( ) 

{ 

double answer; 

answer = fl( ) ; 
printf ("%f", answer); 

) 

fl( ) 

{ 

return 100; 

} 


1 Q USE FUNCTION ARGUMENTS 

As stated earlier, a function's argument is a value that 
is passed to the function when the function is called. A 
function in C can have from zero to several arguments. 
(The upper limit is determined by the compiler you are 
using, but the ANSI standard specifies that a function 
must be able to take at least 31 arguments.) For a func¬ 
tion to be able to take arguments, special variables to 
receive argument values must be declared. These are 
called the formal parameters of the function. The pa¬ 
rameters are declared between the parentheses that 
follow the function's name. For example, the function 
listed below prints the sum of the two integer argu¬ 
ments used to call it. 

s,um(int X/ int y) 

( 

printf ("%d"/ * + Y> '• 

) 
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Each time sum() is called, it will.sum the value passed 
to x with the value passed to y. Remember, however, 
that x and y are simply the function's operational vari¬ 
ables, which receive the values you use when calling the 
function. Consider the following short program, which 
illustrates how to call suin(). 

/ A simple program that demonstrates sum( ). */ 


#include 

"stdio.h 

main ( ) 


{ 


sum(1, 

20) ; 

sum (9, 

6) ; 

sum(8l, 

9) ; 

} 


sum(int x 

, int y) 

{ 


printf ( 

"%d ", x 


} 

This program will print 21, 15, and 90 on the screen. 
When sum() is called, the C compiler copies the value 
of each argument into the matching parameter. That is 
in the first call to sum(), 1 is copied into x and 20 is 
copied into y. In the second call, 9 is copied into x and 
6 into y. In the third call, 81 is copied into x and 9 into 

y- 

Important note: If you try this program (or when 
you work through the example that follows), you might 
see a compiler warning message about a missing proto¬ 
type for sum(). Don't worry about this. Prototypes are 
an important feature of C, but they are not necessary It 
is not an error not to use a prototype; in fact, the original 
version of C did not even support them. You will need 
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to know more about C before you begin using proto¬ 
types. 

If you have never worked with a language that 
allows parameterized functions, the preceding process 
may seem strange. Don't worry—as you see more ex¬ 
amples of C programs, the concept of arguments, pa¬ 
rameters, and functions will become clear. 

It is important to keep two terms straight. First, 
argument refers to the value that is passed to a function. 
The variable that receives the values of the arguments 
used in the function call is called a formal paramet^. . 
the function. Functions that take arguments are called 
parameterized functions. Remember, if a variable is used 
as an argument to a function, it has nothing to do with 
the formal parameter that receives its value. 

In C functions, arguments are always separated by 
commas. In this book, the term argument list will refer 
to comma-separated arguments. For example, the argu¬ 
ment list for sum() is x,y. 

All function arguments are declared in a fashion 
similar to that used by sum(). You must specify the type 
and name of each parameter and, if there is more than 
one parameter, you must use a comma to separate them. 

Example 

1 This program uses the outcharf) function to output 

characters to the screen. The program prints ABC. 

#include "stdio.h" 

ma in ( ) 

1 

outchar('A'); 
outchar('B'); 
outchar('C'); 

} 
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out char(char eh) 

I 

printf ( "'4c" / eh); 

1 


Exercises 

1. Write a program that uses a funi lion called outnuml ) 
that takes one integer argument and displays it on 
the screen. 

2. What is wrong with this program? 

#includo "stclio.h" 

main ( ) 

( 

sqr_it(10.0); 

} 

sqr_it(int num) 

{ 

printf ("Id"/ nurn * num); 

} 

^ \ f) REM EMBER THE C K EYWORDS 

Before concluding this chapter, you should familiarize 
yourself with the keywords that make up the C lan¬ 
guage. ANSI standard C has .32 keywords that may not 
be used as variable or function names. These words, 
combined with the formal C syntax, form the C pro¬ 
gramming language. They are listed in Table 1-2. 
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7 ABLE 1-2. I he 32 Keywords as Defined by the Proposed AN'I 
Standard 


auto 

double 

int 

struct 

break 

else 

long 

switch 

case 

enum 

register 

typedef 

char 

extern 

return 

union 

const 

float 

short 

unsigned 

continue 

for 

signed 

void 

default 

goto 

sizeof 

volatile 

do 

if 

static 

while 


Many C compilers have added several additional 
keywords that are used to take better advantage of the 
8088/8086 family of processors 7 memory organization, 
and that give support for interlanguage programming 
and interrupts. The most commonly used extended 
keywords are shown in Table 1-3. 

The lowercase lettering of the keywords is signifi¬ 
cant. C requires that all keywords be in lowercase form. 
For example, RETURN will not be recognized as the 
keyword return. Also, no keyword may be used as a 
variable or function name. 


TABLE 1-3- Some Common C Extended Keywords 
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EXERCISES 


1. The moon's gravity is about 17 percent .that of 
earth s. Write a program that allows you to enter 

your weight and computes your effective weight on 
the moon. 

2. What is wrong with this program fragment? 

/* this inputs a number 
scant("Id", inum); 

3. There are 8 ounces in a cup. Write a program that 
converts ounces to cups. Use a function called 
o_to_c() to perform the conversion. Call it with the 
number of ounces and have it-return the number of 
cups. 

4. What are the five basic data types in C? 

5. What is wrong with each of these variable names? 

a. short-fall 

b. Sbalance 

c. last+name 


MASTERY 
SKILLS CHECK 

V 
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2.1 Become familiar with the if 

2.2 Add the else 

2.3 Create blocks of code 

2.4 Use the for loop 

2.5 Substitute C s increment and decrement operators 

2.6 Expand printf( )'s capabilities 

2.7 Program with C's relational 
and logical operators 
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Introducing C's Program 
Control Statements 

In this chapter you will learn about two of C's most 
important program control statements: .’f and for. In 
general, program control statements control your 
program's flow of execution. As such, they form the 
backbone of your programs. In addition to these, you 
will also learn about blocks of code and the relational 
and logical operators. You will also learn more about 
the printf() function. 


43 
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EXERCISES 


Before proceeding, you should be able to correctly an¬ 
swer these questions and do these exercises. 

1. All C programs are composed of one or more func¬ 
tions. What is the name of the function that all 
programs must have? Further, what special purpose 
does it perform? 

2. The printf() function is used to output information 
to the screen. Write a program that displays This is 
the number 100. (Output the 100 as a number, not 
as a string.) 

3. Header files contain information used by the stan¬ 
dard library functions. How do you tell the compiler 
to include one in your program? Give an example. 

4. C supports five basic types of data. Name them. 

5. Which of these variable names are invalid in C? 

a. _count 

b. 123count . - 

c. $test 

d. ThisJs_a_long_name 

e. new-word 

f 

6. What is scanf() used for? 

7. Write a program that inputs an integer from the 
keyboard and displays its square. 

8. 1 low are comments entered into a C program? Give 
an example. 


SKILLS CHECK 

. V 
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9. How does a function return a value to the routine 
that called it? 

10. A function called Myfunc() has these three param¬ 
eters: an int called count, a float called balance, and 
a char called ch. Show how this function is declared. 

2 , . \ BECOME FAMILIAR WITH THE if 

The if statement is one of C's selection statements (some¬ 
times called conditional statements). Its operation is gov¬ 
erned by the outcome of a conditional test that evaluates 
to either true or false. Simply put, selection statements 
make decisions based upon the outcome of a condition. 

In its simplest form, the if statement allows your 
program 'to conditionally execute a statement. This 
form of the if is shown here. 

if {expression) statement-, 

The expression may be any valid C expression. If the 
expression evaluates as true, the statement will be exe¬ 
cuted. If it does not, the statement is bypassed, and the 
line of code following the if is executed. In C, an expres¬ 
sion is true if it evaluates to any non-0 value. If it 
evaluates to 0, it is-false. The statement that follows an 
if is commonly referred to as the target of the if state¬ 
ment. 

Commonly, the expression inside the if compares 
one value with another using a relational operalo). Al¬ 
though you will learn about all the relational operators 
- later in this chapter, three are introduced here so that 
we can create some example programs. A relational 
operator tests how one value relates to another. For 
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example, to see if one value is greater than another, C 
uses the > relational operator. The outcome of this 
comparison is either true or false. For example, 10 > 9 is 
true, but 9 > 10 is false. Therefore, this if will cause the 
message true to be displayed. 

4 

if(10 > 9) printf("true"); 

**' § • 

However, because the expression in the foil owing state- 
ment is false, the if does not execute its target statement. 

if<l > 2) printf ("this wiA not print*); 

. * 

C uses < as its less than operator. For example, 10 < 11 
is true. To test for equality, C provides the == operator. 
There may be no space between the two equal signs. 
Therefore, 10 == 10 is true, but 10 *» \\ jg not. 

Of course, the expression inside the if may involve 
variables. For example, the following program tells 
whether a number entered from the keyboard is posi¬ 
tive or negative. 

♦include "stdio.h" 

ma in ( ) 

{ 

- 1 .\ '■ ui: , 

pru.tt ("enter 4 number: "); 
acanf4num); 

if (nuir > 0 ) print f*( "number is positive")- 
if (nun. < 0) printf ("number is negative") ! 
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n ^ emem ^ er/ * n true * s an Y non-0 value and false is 
• Therefore, it is pefectly valid to have an if statement 
suen as the one shown here. 


X1 printf ("r.ct zero"); 

Examples 

1* T ^is program forms the basis for an addition drill. 
It displays two numbers and asks the user what the 
answer is. The program then tells the user if the 
answer is right or wrong. 

i 

#include "stdio.h" 
main { ) 

{ ’* 
int answer; 

printf("What is 10 + 14? "); 

scanf("%d", lanswer) ; 

if(answer == 10 + 14) printf("Right!"); 

} ■ 

2. This program either converts feet to meters or me¬ 
ters to feet, depending upon what the user requests. 

#include "stdio.h" 
main( ) 

I .. 

float num; 
int choice; 

printf("enter value: "); 
scarf ("%£", Sriun) ; 
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printf("1: feet to meters, 2: meters to feet ") ; 

printf ("enter choicer").; 

scanf ("%d", fichoice); , ' 

if (choice **“ i) printf ( M %f7»- rfiM*/. 3.28); 
if (choice == 2) prilitf (" %V*r num *3.28); 


Exercises ?-- v 

- r • . • 

f . -v *• .,» , 

1. Which of these expressions are true? 

a. 0 ' • 

. - . >. *» 

b. 1 * & 

c. 10*9 <90 

d. 1 == 1 

i -■ - 

. c 

e. -l . . . * 

2. Write a program that asks the user for an integer and 
then tells the user if that number is even or odd. 
(Hint, use Cs modulus operator %.) 


2.2 ADD THE else 


You can add an else statement to the if. When this is 
done, the if statement looks like this: 


{{(expression)statement!.; '. 
else statement2; 

f 

^ 1 * 

If the expression is true, then the target of the if will 
execute, and the else portion will be skipped. However, 
if the expression! is false, then the target of the if is 
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bypassed; and the target of the else will execute. Under 
no circumstances will both statements execute. Thus, 
the addition of the else provides a two-way decision 
path. 

Examples 

1. You can use the else to create more efficient code in 
some cases. For example, here the else is used in 
place of a second if in the program from the preced- 

- ing section, which determines whether a number is 
positive or negative. 

#include "stdio.h" 
main( ) 

{ '■ 
int num; 

printf ("enter a number: ") ; 
scanf("%d", &num); 

if(num < 0) printf("number is negative"); 
else printf("number is positive"); 

) 

Since there are only two possibilities, there is no 
reason to test num again to see if it is 0 or greater. 
The original version of this program explicitly tested 
for num to be greater than 0 using a second if 
statement. Because of the way a C compiler gener¬ 
ates code, the else requires far fewer machine in¬ 
structions than an additional if. 

2. This program prompts the user for two numbers, 
divides the first by the second, and displays the 
result. However, division by 0 is undefined, so the 
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program uses an if and an else statement to prevent 
division by 0 from occurring. 

linclude "stdio.h" 

main( ) 

{ 

int numl, num2; 

printf("enter first number: "); 
scanf("%d", &numl); 

printf ("enter second number: "); 
scanf("%d", &num2); 

if(num2==0) printf("cannot divide by zero"); 
else printf("answer is: %b", numl / num2); 

} ' 


Exercises 

1. Write a program that requests two numbers and 
then displays either their sum or product, depend¬ 
ing upon what the user selects. 

2. Rewrite Exercise 2 from Section 2.1 so that it uses an 
else statement. 


2 3 CREATE BLOCKS OF CODE 

tin C, you can link two or more statements together. This 
is called a block of code or a code block. To create a block 
of code, you surround the statements in the block with 
opening and closing curly braces. Once this is done, the 
statements form one logical unit, which may be used 
anywhere that a single statement may. 
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For example, the general form of the if using blocks 
of code is 

if (expression) { 
statement 1 ; 
statement 2 ; 


statementN ; 

} 

else { 

statementl; 

statement2; 


statementN; 

) 

If the expression evaluates to true, then all the state¬ 
ments in the block of code associated with the if will be 
executed. If the expression is false, then all the state¬ 
ments in the else block will be executed. (Remember, 
the else is optional and need not be present.) For exam¬ 
ple, this fragment prints the message This is an exam¬ 
ple of a code block if the user enters any positive 
number. 

scanf("%d", &num); 

-if (num > 0 .) { 

printf("This is ") ; 
printf("an example of ") ; 
printf("a code block"); 
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1. 


% 


Keep in mind that a block of code represents one indi¬ 
visible logical unit. This means that under no circum 
stances could one of the printff) statements in this 
fragment execute without the others also executing. 

In the example shown, the statements that appear 
within the block of code are indented. Although C does 
not care where a statement’appears on a line, it is 
common practice to indent one level at the start of a 
block. Indenting makes the structure of a program easi¬ 
er to understand. Also, the placement of the curly braces 
is arbitrary. However, the way they are shown in the 
example is a common method and will be used by the 
examples in. this.book. 

In C, as you will see, you can use a block |Of code 
anywhere you can use a single statement. 

Examples 

1. This program is an improved version of the feet-to- 
meters, meters-to-feet conversion program. Notice 
how the use of code blocks allow the program to 
prompt specifically for each unit. 

#include "stdio.h" 

main ( ) 

{ ’ 

float num; 
int choice; 

printf("1: feet to meters, 2: meters to feet ") ; 
printf("enter choice: "); 
scanf("%d", ^choice); 

if (choice == 1) ( 

printf("enter number of feet: "); 
scanf Snum) ; 

printf ("meters: 'jf", num / 3 . 25 ); 
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1 

else { * 

P r + n tf ("enter number of meters: "); 

scanf&num); 

printf ("feet: %f", num * 3.28); 

) 

1 . 

2. Using code blocks, we can improve the addition 
drill program so that it also prints the correct answer 
when the user makes a mistake. 

#include "stdio.h" 

main ( ) 

{ 

int answer; 

printf (-"What is 10 + 14? ");, 

scanf("%d", Sanswer); 

if(answer == 10 + 14) printf("Right!") ; 

■else { 

printf("Sorry, you're wrong, "); 
printf("the answer is 24"); 

} 

} 

This example illustrates an important point: it is not 
necessary for targets of both the if and the else 
statements to be blocks of code. In this case, the 
target of if is a single statement, while the target of 
else is a block. Remember, you are free to use either 
a single statement or a code block at either place. / 


/ a U, 


Exercises 

1. Write a program that either adds or subtracts two 
integers. First, prompt the user to choose an opera¬ 
tion; then prompt for the two numbers and display 
the result. 
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2. Is this fragment correct? 


if (cour.‘. < 100? 

?rin-.t \ "number 

-1 f — ^ Ml T k. , , ... . 


lei3 than IOC"); 
i3 Vi", count * count); 


2.4 USE THE for LOOP 


The for loop is one of C's three loop statements. It allows 
one or more statements to be repeated. If you have 
programmed in any other computer language, such as 
BASIC or Pascal, you will be pleased to learn that the 
for behaves much like its equivalant in other languages. 

The for loop is considered by many C programmers 
to be its most flexible loop. Although the for loop allows 
a large number of variations, we will examine only its 
most common form in this section. 

In its most common form, the for loop is used to 
repeat a statement or block of statements a specified 
number of times. Its general form for repeating a single 
statement is shown here. 

' (oT(initialization ; conditional test ; increment ) statement; 

r. , 

I The initialization section is used to give an initial value 

'to the variable that controls the loop. This variable is 
usually referred to as the loop-control variable. The ini¬ 
tialization section is executed only once, before the loop 
begins. The conditional-test portion of the loop tests the 
loop-control variable against a target value each time 
the loop repeats. If the conditional test evaluates true, 
the loop repeats. If it is false, the loop stops, and pro¬ 
gram execution picks up with the next line of code that 
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the start orV) 00 ? ^ 1 ' 12 condltional test is performed at 

The incremctpJtionTuheT ‘ ime ~ ‘ 0 ° P iS re P eate<1 

of each loop ^ hat i ”^‘ hefor 15 seated at the bottom 
after the / the increment portion is executed 

before the m rtv* ° r ' , * ock ^ as ^ een executed, but 
men P^ion i, I " 3 ' ^ 1116 P ur P ose of «* mcre- 
*«* decrease) the ioop - con - 

loo^toVriTnl! hrSt e . Xample ' this P r °g ram uses a for 
P to pnnt the numbers 1 through 10 on the screen. 

#include "stdio.h" 

main ( ) 

( 

int num; 


for (num 1; num<ll; num=num+l) print! i » 

printf ("terminating”) ; , ‘ U , *um> ; 


This program produces the following output: 

12 3 4 5 6 78 910 terminating 

The program works like this. First, the loop control 
variable num is initialized to 1. Next, the expression 
num < 11 is evaluated. Since it is true, the for loop 
begins running. After the number is printed, num is 
incremented by one and the conditional test is eval¬ 
uated again. This process continues until num equals 
11. When this happens, the for loop stops, and termi¬ 
nating is displayed. Keep in mind that the initialization 
portion of the for loop is only executed once, when the 
loop is first entered. 
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• As stated earlier, the conditional test is performed 
at the start of each iteration. This means that if the test 
is false to begin with, the loop will not execute even 
once. For example, this program only displays termin¬ 
ating because num is initialized to 11, causing the con¬ 
ditional test to fail. 

#include "stdio.h" 

main{ ) 

{ 

int num; 

/* this loop will not execute */ 

for(num=ll; numCll; num=num+l) printf("%d ' ", num); ' 
printf("terminating"); 

) 

9 

To repeat several statements, use a block of code as 
the target of the for loop. For example, this program 

computes the product and sum of the numbers from 1 
to 10. 

#include "stdio.h" 

i *■ • 

main( ) 

( 

int num, sum, prod; 

Sum =0; . . 

prod = 1; 

/ 

for(num=l; num<ll; num=num+l) ( 
sum = sum + num; 
prod = prod * num; 
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) 

printf ("product and sum: *d 3>d", prod, sum) ; 

) 

A for loop can run negatively. For example, this 
fragment decrements the loop-control variable. 

for(num=20; num>0; num=num-l) ... 

Further, the loop-control variable may be incremented 
or decremented by more than one. For example, this 
program counts to 100 by fives. 

#include "stdio.h" 

main ( ) 
l 

int i; 

for(i=0; i<101; i=i+S) printf("%d ", i); 

) 

Examples 

1. The addition-drill program created earlier can be 
enhanced using a for loop. The version shown here 
asks for the sums of the numbers between 1 and 10. 
That is, it asks for 1 +1, then 2 + 2, and so on. This 
program would be useful to a first grader who is 
learning addition. 

tinclude "stdio.h" 

main( ) 

{ 

int answer, count; 
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for (count=l; count < 11; count=count+l) { 

printf("What is %d + %d? ", count, count); 
scanf("%d", Sanswer); 

if(answer == count+count) printf("Right! ") ; 

else ( 

printf ("Sorry, you' re wrong "); 

printf ("the answer is %d. ", count+count); 

) 

) 

) 

Notice that this program has an if statement as part 
of the for block. Notice further that the target of else 
is a block of code. This is perfectly valid. In C, a code 
block may contain statements that create other code 
blocks. Notice how the indentation adds clarity to 
the structure of the program. 

2. We can use a for loop to create a program that 
determines if a number is prime. The following 
program asks the user to enter a number and then 
checks to see if it has any factors. 

/* Prime number tester. */ 

♦include'"stdio.h" 

main ( ) 

( 

int num, i, is_prime; 

printf("Enter the number to test: "); 
scanf( "%d" , &num); 

/* now test for factors */ 
is_prime = 1; 
f or (i = 2 ; i<=num/2; i=»i + i) 
if((num%i) =~ 0 ) is_prime - 0; 

if(is_prime==l) printf("The number is prime."); 
else printf("The number is not prime."); 


Scanned by CamScanner 



C's Program Control Statements 59 


Exercises 

100 ^ a ^ r0 ^ ram ^ at P r * nts the numbers from 1 to 

a program that prints the numbers between 
and 100 that can be evenly divided by 17. 

Write a program similar to the prime-number tester, 
except that it displays all the factors of a number 
entered by the user. For example, if the user entered 
o, it would respond with 2 and 4. 


O SUBSTITUTE C's INCREMENT 
and DECREMENT OPER ATORS 

When you learned about the for in the preceding sec¬ 
tion, the increment portion of the loop looked more or 
less like the one shown here. 

* I 

for(num=0; num<some_value; num=num+l) 

Although not incorrect, you will almost never see a 
statement like num = num+1 in professionally written 
C programs because C provides a special operator that 
increments a variable by one. The increment operator is 
++ (two pluses with no intervening space). Using the 
increment operator, you can change this line of code 

i = i + 1 ; 


into 

i -■*; 
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Therefore, the for shown earlier will normally be writ¬ 
ten like this: 

for(num=0; num<some_value; num++) . . . 

In a similar fashion, to decrease a variable by one, 
you can use Cs decrement operator: ~. (There must be no 
space between the two minus signs.) Therefore, 

count = count - 1; 

can be rewritten as 
count—; . 

Aside from saving you a little typing effort, the 
reason you will want to use the increment and decre¬ 
ment operators is that, for most C compilers, they will 
be faster than the equivalent assignment statements. 
The reason for this difference is that the C compiler can 
often avoid separate load-and-store machine-language 
instructions and substitute a single increment or decre¬ 
ment instruction in the executable version of a program. 

The increment and decrement operators do not need 
to follow the variable; they can precede it. Although the 
effect on the variable is the same, the position of the 
operator does affect when the operation is performed. 

To see how, examine this program. 

#include "stdio.h" 
main ( ) 

{ 

int i, j; 
i = 10; 
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j * i++; 

/* this will print 11 10 */ 
j print f("i and j: %d %d ", i, j) ; 


on t let the j = i++ statement trouble you. The incre¬ 
ment operator may be used as part of any valid C 
expression. This statement works like this. First, the 
current value of i is assigned to j. Then i is incremented. 
This is why j has the value 10, not 11. When the incre¬ 
ment or decrement operator follows the variable, the 
operation is performed after its value has been obtained 
for use in the expression. Therefore, assuming that max 
has the value 1, an expression such as this 

count = 10 * max++; 

y 

assigns the value 10 to count and increases max by one. 

If the variable is preceded by the increment or dec¬ 
rement operator, the operation is performed first, and 
then the value of the variable is obtained for use in the 
expression. For example, rewriting the previous pro¬ 
gram as follows causes j to be 11. 

* f » * . • ’ . ' 

♦include "stdio.h" 

main( ) 

1 

int i, j; 

i = 10; 

‘ j = ++i; 

/* this will print 11 11 */ 
printf("i and j: %d %d", i, j); 
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If you are simply using the increment or decrement 
operators to replace equivalent assignment statements, 
it doesn't matter if the operator precedes or follows the 
variable. This is a matter of your own personal style. 


Examples 

1. Here is the addition drill program developed in 
Section 2 rewritten using the increment operator. 

finclude "stdio.h" 

main( ) 

I 

int answer, count; 

for(count=l; count<ll; count++) { 

printf("What is %d + %d? ", count, count); 
scanf("%d", (answer); 

if(answer *- count+count) printf("Right! "); 

else ( 

printf("Sorry, you're wrong "); 

printf("the answer is %d. ", count+count); 

* ) 

) 

) 

2. This program illustrates the use of the increment 
and decrement operators. 

finclude "stdio.h" 

main( ) 

( 

int i; • * 

i - 0; 

i++; 

printf("%d ", i); /* prints 1 */ 
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i-; 

, Prl " t£ <"W ”, i, ; /. prlnts (, t/ 


Exercises 

1 pSus h J^ SWerS u° ‘ he f ° r l0 °P CXerciseS in *e 

decrement '° n S ° that they Use the increm ent or 
decrement operators. 

2. Change al! assignment statements in this program 
to increment or decrement statements. 

tinclude "atdio.h" 

main( ) 

{ 

int a, b; 

•i 1 

a = I; 
a = a + 1; 

I 

b =* a; 
b = b - 1; 


) 


printf("%d %d", a, b) ; 


2.6 EXPAND printf( )'s CAPABILITIES 

So far, we have used printft) to output strings and 
numbers. However, you might have been wondering 
how to tell printf () that you want the output to advance 
to the next line. The way to accomplish this and other 
actions is to use C's backslash-character constants. The C 
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TABLE 2-1. 

C's Backslash Codes 

Code 

Meaning 

\b 

backspace 

\f 

form feed 

\n 

newline 

\r 

carriage return 

» 

\t 

horizontal tab 

V 

double quote 

V 

single quote 

\0 

null 

w 

backslash 

\v 

vertical tab 

• 1 i 

\a 

bell 

\N 

octal constant (where N is an octal constant) 

\xN 

hexadecimal constant (where N is a hexadecimal 
constant) 


language defines 13 special codes, shown in Table 2-1, 
which are used to output characters that cannot be 
entered from the keyboard. You can use the backslash 

codes anywhere you can use a normal character. 

Perhaps the single most important backslash code is 
\ n , which is often referred to as a newline character. 
When the C compiler encounters \n, it translates it into 
a carriage return/linefeed combination. For example, 

this program 



% 


#include "stdio.h" 
main{ ) 

’ printf("this is line one\n"); 

printf("this is line two\n“>; 

printf ("this is line three"); 

1 
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displays 


this is line one 
this is line two 
this is line three 


on the screen. 

stam™reTore to b as? laSh are character <*»- 


char ch; 


ch = ' \ t -• • / * 

' ' aS3 ^ n ch the tab character */ 


Examples 

1. This program sounds the bell. 

#include '"stdio.h" 

main ( ) 

1 

printf("\a"); 

) 

2- You can enter any special character by specifying it 
as an octal or hexadecimal value following the back¬ 
slash. The octal number system is based on 8 and 
uses the digits 0 through 7. In octal, the number 10 
is the same as 8 in decimal. The hexadecimal number 
system is based on 16 and uses the digits 0 through 
9 plus the letters ' A ‘ through 'V; which stand for 10, 
112,13,14, and 15. For example, the hexadecimal 
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number 10 is 16 in decimal. When specifying a char¬ 
acter in hexadecimal, you must follow the backslash 
with an 'x', followed by the number. 

The ASCII character set is defined from 0 to 127. 
However, many computers, including most PCs, 
use the values 128 to 255 for special characters and 
graphics characters. If your computer supports 
these extra characters, the following program will 
display a few on the screen. 

^include "stdio.h" 

main ( ) 
i 

printf("\xA0 \xAl \xA2 \xA3"); 

} 

3. The \n newline character does not have to go at the 
end of the string that is being output by printf(); it 
can go anywhere in the string. Further, there can be 
as many newline characters in a string as you desire. 
The point is that there is no connection between a 
newline and the end of string. For example, this 
program 

tinclude "stdio.h" 

main ( ) 

{ 

printf("one\ntwo\nthree\nfour"); 

) 

displays 

one 

two 

three 

four 

on the screen. 
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Exercises 


i. Write a program that outputs a table of numbers. 

bach line in the table contains three entries: the 

number, its square, and its cube. Begin with 1 and 

en with 10. Also, use a for loop to generate the 
numbers. 


2. Write a program that prompts the user for an integer 
1!“®,'. e>: \ USmS 3 for !oo P' make it count down 

own r 1S ™ Ue t0 dis P la y*ng each number on its 
own line. When it reaches 0, have it sound the bell. 

3. Experiment on your own with the backslash codes. 


9 7 PROGRAM WITH C's RELATIONAL 
AND LOGICAL OPERATORS 

The C language contains a rich set of operators. In this 
section you will learn about C's relational and logical 
operators. As you learned earlier, the relational opera¬ 
tors compare two values and return a true or false result 
based upon that comparison. The logical operators con¬ 
nect together true/false results. These operators are 
shown in Table 2-2. 

The logical operators are used to support the basic 
logical operations of AND, OR, and NOT according to 
this truth table. The table uses 1 for true and 0 for false. 


P q 
0 o 

0 i 

l 1 
1 0 


p (Sc& q p I I q Ip 
0 0 1 

0 1 1 

1 1 0 

0 1 0 
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TABLE 2-2. Relational and Logical Operators 


Relational Operators 
Operator Relationship 
> greater than 

>= greater than or equal 

< less than 

<= less than or equal 

== . equal 

!= not equal 

Logical Operators 
Operator Operation 
&& AND 

I I OR 

! NOT 


The relational and logical operators are both lower 
in precedence than the arithmeticoperators. This means 
that an expression like 10 + count > a + 12 is evaluated 
as if it were written (10 + count) > (a + 12). 

You may link any number of relational operations 
together using logical operators. For example, this ex¬ 
pression joins three relational operations. 

var>max || ! (max==l00) && 0<=item 

The table below shows the relative precedence of the 
relational and logical operators. 

Highest ■ 

>>=<<= 

StSc 

Lowest I 1 

There is on** important fact to remember about the 
Values produced by the relational and logical operators: 
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the result is either 0 or 1. Even though C defines true as 

any non 0 value, the relational and logical operators 

always produce the value 1 for true. Your programs 
may make use of this fact. 8 

both ^ U T C the relational and logical operators in 
in ‘ h j h . lf and for sta tements. For example, the follow- 
g atement reports when both a and bare positive. 


if(a>0 && b>0) 


printf("both 


are positive"); 


Examples 

1. In professionally written C code, it is uncommon to 
rind a statement like this: 


if(count!-0) ... 

The reason is that in C, true is any non-0 value and 
false is 0. Therefore, the preceding statement is gen¬ 
erally written as 

if(count) . . . 

Further, statements like 


if(count==0) ... 

are generally written as 
if(!count) ... 

The expression Icount is true only if count is zero. 


2. It is important to remember that the outcome of a 
relational or logical operation is 0 when false and 1 
when true. For example, the following program 
requests two integers, then displays the outcome of 
each relational and logical operation when applied 
to them. 
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^include "stdio.h" 

main ( ) 

{ 

int i/ j/ 

printf ("enter first number: "); 
scanf("%d"/ &i); 

printf ("enter second number: ")/ 
scanf("%d", &j); 

/* relational operations */ 
printf("i < j %d\n", i < j); 
printf ("i <= j %d\n", i <= j); 

printf("i == j %d\n", i == j); 

printf("i > j %d\n", i > j); 
printf ("i >= j %d\n", i >= j); 

/* logical operations */ 
printf ("i && j IdNn", i j); 

printf ("i II j %d\n"/ i II j) ; 

printf ("!i !j %d %d\n" / !i, !j); 

) 

3. C does not define an exclusive-OR (XOR) logical 
operator. However, it is easy to create a function that 
performs the operation. The XOR operation uses 
this truth table. 

p q XOR 

ooo 

0 1 1 

1 0 1 

1 1 0 

That is, the XOR operation produces a true result 
when one and only one operand is true. The follow¬ 
ing function uses the && and I I operators to con¬ 
struct an XOR operation. It compares the values of 
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« 

and retu:ns the ° utc ° me ° f an 

^or(i nt a# ir j t b) 

, <a " M ! (a SS b); 


SmlleTesKrANDOT ^ 

values you enter. AN °' OR ' and X °R on th 



/* This 
♦include 


Program demonstrates 
stdio.h" 


the xor( ) function 


*/ 


main( ) 

{ 

int p, q. 


) 


Printf("enter P (0 or 

scanf("%d", fip) . 

Printf ("enter Q ' (0 or 

scanf("% d ", &q) . 
printf("p and q : %d\ n M 
printf ("p OR q : %d\ n M , 
printf("p XOR Q ; %d\ n " 


1 ): "); 

1) : ”); 

• P && q); 

P II q)/ 

' XOr (P, q) ) ; 


xor (int a, int b) 

1 


return (a || b) 

) 


& & !(a && b); 




Exercises 

What does this loop do? 
for(x= 0 ; x< 100 ; x++) printf ("%d ", X ) ; 
• Is this expression true? 

'• r . 

!( 10 == 9 ) 
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3. Do these two expressions evaluate to the same out¬ 
come? 

a. 0 && 1 II 1 

b. 0 && (1 I I 1) 

EXERCISES 


1. Write a program that plays a computerized form of 
the "guess the magic number" game. It works like 
this. The player has ten tries to guess the magic 
number. If the number entered is the value you have 
selected for your magic number, have the program 
• print the message "RIGHT!" and then terminate. 
Otherwise, have the program report whether the 
guess was high or low and then let the player enter 
another number. This process goes on until the 
player guesses the number. For fun, you might want 
to report the number of tries. 

2. Write a program that computes the square footage 
of a house given the dimensions of each room. Have 
the program ask the user how many rooms are in 
the house and then request the dimensions of each 
room. Display the resulting total square footage. 

3. What are the increment and decrement operators 
and what do they do? 

4. Create an improved addition-drill program that 
keeps track of the number of right and wrong an¬ 
swers and displays them when the program ends. 

5. Write a program that prints the numbers 1 to 100 

using 5 columns. Have each number separated from 
the next by a tab. 


MASTERY, 
SKILLS CHECK 

V 
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More C Program 
Control Statements 

This cliapt^T; Continues the discussion of C's program 
controi statements. Before doing so, however, the chap¬ 
ter begins by explaining how to enter characters from 
the keyboard. Although you know how to enter num¬ 
bers, it is now time for- you to know how to enter 
characters because several examples in this chapter will 
make use of them. Next, the chapter finishes the dicus- 
sion of the if and for statements. Then it presents C's 
vtwo other loop statements, the while and do. Next you 
will learn about nested loops and two more of C's 
control statements, the break and continue. It also cov¬ 
ers C's other selection statement, the switch. The chap¬ 
ter ends with a short discussion of C's unconditional 
jump statement, goto. 


75 
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1 


EXERCISES 


Before proceeding., you should be able to answer these skillscheck 
questions and perform these exercises. .J 

1. What are C's relational and logical operators? 

2. What is a block of code? How do you make one? 

3. How do you dutput a newline using printf( /? 

4. Write a program that prints the numbers -100 to 100. 

5. Write a program that prints 5 different proverbs. 

The program prompts the user for the number of the^ 
proverb to print and then displays it. (Use any pfo- 
verbs you like.) 

6. How can this statement be rewritten? 

count = count + 1; 

7. What values are true in C? What values are false? 


^ 2 INPUT CHARACTERS 

Although numbers are important, your programs will 
also need to read characters from the keyboard. In C 
you can do this in a variety of ways. Unfortunately, this 
conceptually simple task is complicated by some bag¬ 
gage left over from the origins of C. However, let's 
begin with the traditional way characters are read from 
the^eyboard. Later you will learn some alternatives. 

The original version of C defined a function called 
eetchar( ), which returns a single character typed on the 
keyboard. When called, the function waits for a key to 
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be pressed. Then gctcharf) echoes the keystroke to the 
screen and returns the value of the key to the caller. The 
gctchai() function is defined by the ANSI C standard 
and requires the header file STDIO.H. This program 
illustrates its use by reading a character and then telling 
you what it received. (Remember, to display a charac¬ 
ter, use the %c printf() format specifier.) 

* 

#include "atdioih" 

main( ) 

{ 

char ch; 

ch - getchar ( ); /* read a char */ 

printf (” you typed: %c", ch) ; 

} 

If you try this program, it may behave differently than 
you expected. The trouble is this: in many C compilers, 
getchar( ) is implemented in such a way that it line buffers 
input. This means that even though it will return one 
character to your program, it waits until you press 
ENTER before doing so. The reason for this is that the 
early version of UNIX, for which C was developed, line 
buffered input. When C compilers were created for 
other interactive environments, developers had to de¬ 
cide how to make getchar( ) behave. Many C compiler 
developers have decided, for the sake of compatibility, 
to keep getchar( ) line-buffered, even though there is no 
reason for it. (In fact, the ANSI standard states that 
getchar( ) need not be line-buffered.) When getchar( ) is 
implemented in a line-buffered fashion in a modern 
interactive environment, it is rendered nearly useless. 

'^Because many implementations have implemented 
line-buffered versions of getchar(), most C compilers 
su pply another function to perform interactive console 
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I 

I 



I 


input. Although it is not defined by the ANSI C stan¬ 
dard, most compilers call this function getche( ). You 
use it just like getchar( ), except that it will return its 
value immediately after a key is pressed; it does not 
line-buffer input. For most compilers, this function re¬ 
quires a header file called CONIO.H, but it might be 
called something different in your compiler. 

The examples in this book will use the getcheO 
function. However, if your compiler does not include 
this function, substitute getcharf). 

Virtually all computers use the ASCII character 
codes when representing characters. Therefore, charac¬ 
ters returned by either getcharO or getchef ) will be 
represented by their ASCII codes. This is useful because 
the ASCII characters codes are an ordered sequence; 
each letter's code is one greater than the one it precedes. 

ay compare characters just like you compare 
numbers. This means that "a" is less than "b," and so on. 
For example, 

ch = cetche( ); 

if(ch < '£') printf("character is less than f") ; 

is a perfectly valid fragment that will display its mes¬ 
sage if the user enters any character that comes before 


Examples 

1. .This program reads a character and displays its 
ASCII cMie This illustrates an important feature nf 
C yen can use a character as if it were 


< 
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#include "conio.h" 
#include "stdio.h" 


main ( ) 

{ 

char eh; 


} 


prmtf ("enter a 

nter a character: ") ; 

°h = getche ( ) ; . 1 ' 

Pi--i-ntf ("\nlts a^ptt 

s ASCI1 code is %d" / ch); 


2. One of the most common uses of getchef) is to 
ows r nU Sel6Cti0n - F ° r —Pie this prog am 


#include "conio.h" 

#include "stdio.h" 

main( ) 

{ 

int a, b; 
char ch; 

printf ( Do you want to:\n"); 

printf ("Add, Subtract, Multiply, or Divided") 
printf("Enter first letter: ") ; 
ch = getche( ); 
printf ("\n"); 


printf("Enter first number: ") ; 
scanf("%d", &a); 
printf("Enter second number: "); 
scanf("%d", &b); 


if(ch==' A') printf("%d", a+b) ; 
if(ch-=' S' ) printf("Id”, a-b) ; 
if(ch==' M') printf("Id", a*b); 
if(ch=='D' && b! =0 ) printf("%d", a/b) , 
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One point to keep in ntind is that C makes a distinc¬ 
tion between upper- and lowercase letters. So, if the 
user enters an s, the program will not recognize it as 
a request to subtract. (Later, you will learn how to 
convert the case of a character.) 

3. Another common reason that your program will 
need to read a character from the keyboard is to 
obtain a yes/no response from the user. For exam¬ 
ple, this fragment determines if the user wants to 
proceed. 

printf("Do you wish to continue? (Y/N) : ") ; 
ch = getche( ) ; 
if (ch= =/ Y' ) { 

/* continue with something */. 


} 


Exercise 

1. Write a program that reads ten letters. After the 
letters have been read, display the one that comes 
earliest in the alphabet. (The one with the smallest 
value comes first.) 

3 7 NEST if STATEMENT S 

\ 

When an if statement is the target of another if or else 
it is said to be nested within the outer if. Here is a simple 
example of a .nested if. 
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if(count>max) /* outer if */ 
if (error) printf("error, try 


again") ; 


/* nested if */ 


Notice how the nested if is indented. This is common 
practice. It enables anyone reading your program lo 
know quickly that the if is nested and what actions are 
nested. A nested if may appear inside a block of state¬ 
ments that are the target of the outer if. 

An ANSI-standard compiler will allow you to nest 
ifs at least 15 levels deep. (However, it would be rare to 
find such deep nesting.) 

One confusing aspect of nested ifs is illustrated by 
the following fragment. 


if (p) 

if(q) printf ("a and b are true") ; 
else printf("To which statement does this else apply?"); 

The question, as suggested by the second printf(), is: 
which if is associated with the else? Fortunately, the 
answer is quite easy: an else always associates with the 
nearest if within the same block. In this example, the 
else is associated with the second if. 

Examples 

1. It is possible to string together several ifs and elses 
into what is sometimes called an if-clsc-if ladder or 
if-else staircase because of its visual appearance. In 
this situation a nested if has as its target another if. 

The general form of the if-else-if ladder is shown 

here. 
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il (expression) statement; 

else 

il ( expression ) statement; 
else 

il' ( expression ) statement; 


else statement; 

The conditions are evaluated from the top down- 
ward. As soon as a true condition is found, the 
statement associated with it is executed, and the rest 
of the ladder is bypassed. If none of the conditions 
is true, the final else will be executed. That is if all 
other conditional tests fail, the last else statement is 
performed, {f the final else is not present, no action 
W1 " take P lace lf ah other conditions are false 
Although the indentation of the general form of 
the if-else-if ladder is technically correct, it can lead 
to overly deep indentation. Because of this, the if- 
else-if ladder is.generally indented like this:' 

iff expression) 
statement; 
else iff expression ) 
statement; 
else {((expression) 
statement; 


else 

statement; 
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We can improve the arithmetic program devel- 
shownhere^ 0 " ^ by US ' ng if ' else ' if ladder ' as 


♦include "conio.h" 
♦include "stdio.h” 


main( ) 

{ 

int a, b; 
char ch; 

printf("Do you want to*\n")* 
prints("Add, Subtract, Multiply, 
printf("Enter first letter: "); 
ch = getc’ne ( ); 
printf("\n"); 


or Divide?\n")/ 


printf("Enter first number: ") ; 
scanf("%d", &a); 

Prmtf ( Enter second number: ") ; 
scanf ("%d", &b>-; 


if(ch=='A') printf("%d", a+b); ( 

else if(ch=='S') printf("%d", a-b) ; 

else if(ch=='M') printf("Id", a*b) ; 

else if(ch=='D' && b!=0) printf("%d", a/b) • 

) 

This is an improvement over the original version 
because once a match is found, any remaining if 
statements are skipped. This means that the pro¬ 
gram isn't wasting time on needless operations. 
While this is not too important in this example, you 
* will encounter situations where it will be. 


2. Nested if statements are very common in program¬ 
ming. For example, here is a further improvement 
to the addition drill program developed in the pre- 
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. ceding chapter. It lets the user have a second try at 
getting the right answer. 

#include "conio.h" 
tinclude "stdio.h" 

main( ) 

{ 

int answer, count; 
char again; 

for(count=l; count<ll; count++) { 

printf("What is %d + %d? ", count, count); 
scanf("%d", ianswer); 

if(answer == count+count) printf("Right!\n"); 
else ( 

printf("Sorry, you're wrong\n") ; 
printf("Would you like to try again? (Y/N)"); 
again = getche( ); 
printf("\n") ; 

.1 

/* nested if */ 
if(again=='Y') ( 

printf("\nWhat is %d + %d? ", count, count); 
scanf("%d", &answer); 

if (answer == count+count) printf("Right!\n"); 
else 

printf("Wrong, the answer is %d\n", count+count); 

} 

else 

printf("the answer is %d\n", count+count); 

) 

) 

} 


Exercises 

1. To which if does the else relate to in this example? 
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if (eh—'S' ) { /* f irst if */ 

printf (' Lnter a number’. "); 
scanf ("-lid", &y) ; 

/* second if */ 

if(y) printf("its square is %d", y*y); 
else printf("make next selection"); 

2. Write a program that computes the area of either a 
circle, rectangle, or triangle. Use an if-else-if ladder. 

3.3 EXAMINE for LOOP VARIATI ONS 

The for loop in C is significantly more powerful and 
flexible than in most other computer languages. When 
you were introduced to the for loop in Chapter 2, you 
were only shown the form similar to that used by other 
languages. However, you will see that for is much more 
flexible. 

The reason that for is so flexible is that the expres¬ 
sions we called the initialization, conditional test, and 
increment portions of the loop are not limited to these 
narrow roles. The C for loop places no limits on the 
types of expressions that occur inside it. For example, 
you do not have to use the initialization section to 
initialize a loop-control variable. Further, there does not 
need to be any loop-control variable because the condi¬ 
tional test expression may use some other means of 
stopping the loop. Finally, the increment portion is 
technically just an expression that is evaluated each 
time the loop iterates. It does not have to increment or 
decrement a variable. 
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Another important reason that the for is so flexible 
is that one or more of the expressions inside it may be 
empty. For example, if the loop control variable has 
already been initialized outside the for, there is no need 
for an initialization expression. 

Examples 

1. This program continues to loop until a q is entered 
at the keyboard. Instead of testing a loop control 
variable, the conditional test in this for checks the 
value of a character entered by the user. 

linclude "stdio.h" 

#include "conio.h" 

main ( ) 

{ 

int i; 
char ch; 

ch = 'a'; /* give ch an initial value */ 

for (i=0; ch!='q'; i++) { 

printf("pass: %d\n", i); 
ch = getche( ) ; 

) 

} 

Here, the condition that controls the loop has noth¬ 
ing to do with the loop-control variable. The reason 
ch is given an initial value is to prevent it from acci¬ 
dentally containing a q when the program begins. 

2. As stated earlier, it is possible to leave an expression 
in a loop empty. For example, this program asks the 
user for a value and then counts down to 0 from this 
number. Here, the loop-control variable is initial- 
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.. 

#include "stdio.h” 


lion 


main ( ) 

I 

int i; 


P-intf ("Enter- an integer- 
scanf("%d" # &i); , ' 

for( ; i- v 

, ' 1 ’ P rl "“(*W ", i); 

I 

3. Another variation to for is ih-n ,.c * 

emntv Fnr Q i s tar £ et may be 

*Z Hn p,e ' thiS pr °S r? ' m simply keeps 

nputtmg characters until the user types q. ' f 

#include "stdio.h" 

^include "conio.h" 

main ( ) 

{ 

char ch; 

for{ch=getche( ch!-'q< ; ch-g etche ( >, . 

pnntf ("found the q") ; , ' 


Notice that the statements assigning ch a value have 
been moved into the loop. This means that when the 
loop starts, getche() is called. Then, the value of ch 
is tested against q. Next, conceptually, the nonexis¬ 
tent target of the for is executed,, and the call to 
getcheO in the increment portion of the loop is 

executed. This process repeats until the user enters 

aq. 

The reason the target of the for can be empty is 
because C allows null statements. 


i 
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4. Using the for, it is possible to create a loop that never 
stops. This type of loop is usually called an infinite 
loop. Although accidentally creating an infinite loop 
is a bug, you will sometimes want to create one on 
purpose. (Later in this chapter, you will see that 
there are ways to exit even an infinite loop!) To 
create an infinite loop, use a for construct like this: 

for ( / ; ) ( 


} 

As you can see, there are no expressions in the for. 
When there is no expression in the conditional por¬ 
tion, the compiler assumes that it is true. Therefore, 
the loop continues to run. 

i 

5. In C, unlike most other computer languages, it is 
perfectly valid for the loop-control variable to be 
altered outside the increment section. For example, 

, the following program manually increments i at the 
bottom of the loop. 

♦include "stdio.h" 

main( ) 

( 

int i; 


for(i=0; i<10; ) { 

printf("%d ", i); 
i++; 

} 

) 


Scanned by CamScanner 


Muii' ; 


i'n>i;ram Control Statements 


89 


Exercises 

1. Ws^e a program that computes driving time when 

vert the distance and the average speed. Use a loop 
and prompt the user like this: 

Again? (Y/N) 

Repeat the process each time a Y is entered. 

2. To create time-delay loops for loops with empty 
targets are often used. Create a program that asks 
the user for a number and then iterates until 0 is 
reached. Once the countdown is done, sound the 
bell, but don't display mylhing on the screen. 

3. Even if a for loop uses t loop-control variable, it 
need not be incremented or decremented by a fixed 
amount. Instead, the amount added or subtracted 
may vary. Write a program that begins at 1 and runs 
to 1000. Have the program add the loop-control 
variable to itself inside the increment expression. 
This is an easy way to produce the arithmetic pro¬ 
gression 1 2 4 81b, /'nd so on. 

3 4 UNDERSTAND C's while LOOP 
Another of C's loops is while. It has this general form: 
whil ^(expression) statement; 

Of course, the target of while may also be a block of 
code. The while loop works by repeating its target as 


Scanned by CamScanner 


90 Teach YourscI/ C 


long as the expression is true. When it becomes false, 
the loop stops. The \alue of the expression is checked 
nl the top of the loop This means that if the expression 
is false to begin with, the loop will-not execute even 
once. 


Examples 

1. Even though the for is flexible enough to allow itself 
to be controlled bv factors not related to its tradi¬ 
tional use, you should generally select the loop that 
best fits the needs of the situation. For example, a 
better way to wait for the letter 'q' to be typed is 
shown here using while. Ii you compare it to Exam¬ 
ple 3 in Section 3.3, you will see how much clearer 
this version is. (However, you will soon see that a 
better loop for this job exists.) 

#include "stdio.h" 

#include "conio.h" 

main( ) 

{ 

char ch; 

ch = getche( ) ; 

while (ch != ' q r ) ch = getche ( ),- 
printf ("found the q"); 

) 

2. The following program is a simple code machine It 

translates the characters you type into a coded form 
by adding 1 to each letter. That is, 'A' becomes 'B' 
and so forth. The program stops when you press 
ENTER. (The gctche() function returns \ r ■ . 
ENTER is pressed.) 
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♦include "stdio.h" 

♦ include "conio.h" 

main( ) 

( 

char ch; 

print f ("Enter your message.\ n ") 

ch = getche ( ); 
while(ch! ='\r') { 

Printf("%c", ch+1); 
ch = getche ( ); 

} 

) --v 


Exercises 

• •» % j-y. 
y’ ' 

1. In Exercise 1 of Section 3.3, you created a program 
that computed driving time, given distance, and 
average speed. You used a for loop to let the user 
compute several drive times. Rework that program 
so that it uses a while loop. 

2. Write a program that will decode messages that 
have been encoded using the code machine program 
in the second example in this section. 

3.5 USE THE do LOOP * 

C's final loop is do, which has this generaL forip; 

» * v ■ * - v « ■ • ' • jr- * 

do { 

statements 

) whileCexprcssion); 
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If only one statement is being repeated, the curly braces 
are not necessary. Most programmers include them, 
however, so that they can easily recognize that the 
while that ends the do is part of a dbrlpop, not the 

beginning of a while loop. - 

The do loop repeats the statement or statements 
while the expression is true. It stops when the expres¬ 
sion becomes false. The do loop is unique because i t will 
always execute the code within the loop at least once, 
since the expression controlling the loop is tested at the 
bottom of the loop. 


Examples 

1. The fact that do will always execute the body of its 
loop at least once makes it perfect for checking menu 
input. For example, this version of the arithmetic 
program reprompts the user until a valid response 
is entered. 

#include "conio.h” 

#include "stdio.h" 

main( ) 

{ 

int a, b; 
char ch;' 

printf( M Do you want to:\n"); 

printfC’Add, Subtract, Multiply, or Divide?\n") 


/* force user to enter a valid response */ 
do { • 

printf("Enter first letter: ")/ 

ch = getche( )» 

printf("Nn”) / 

} w*ile(ch!-'A'. ch! = ' s' && ch!=' M ' && ch!='D' 

#. 1 • 
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printf("Enter first number: "); 
scanf (" n od", & a ); 

printf("Enter second number: "); 
scanf("%d", &b); 

if(ch=='A') printf ("%d", a +b); 
eise if(ch=='S') printf ("%d", a-b) ; 
else if(ch=='M') printf ("%d", a*b) ; 

^ 6136 lf(ch== 'D' && b!=0) printf("%d", a/b)/ 

2. The do loop is especially useful when your program 
is waiting for some event to occur. For example, this 
program waits for the user to type a q. Notice that 
it contains one less call to getche() than the equiva¬ 
lent program described in the section on the while 
loop. 

♦include "stdio.h" 

♦include "conio.h" 

main( ) 
l 

char ch; 
do { 

ch = getche( ); 

} while(ch! =/ q'); 

printf("found the q"); 

) 

Since the loop condition is tested at the bottom, it is 
not necessary to initialize ch prior to entering the 
loop. 

Exercises 

1 * Write a program that converts gallons to liters. 
Using a do loop, allow the user to repeat the conver¬ 
sion. (One gallon is approximately 3.7854 liters.) 
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2. Write a program that displays the menu below and 
uses a do loop to check for valid responses. (Your 
program does not need to implement the actual 
functions shown in the menu.) 

Mailing list menu: 

. si ■ 

1. Enter addresses 

2. Delete address 

3. Search the list 

4. Print the list 

5. Quit 

Enter the number of your choice (1-5): 

3.6 CREATE NESTED LOOPS 

When the body of one loop contains another, the second 
is said to be nested inside the first. Any of C's loops may 
be nested within any other loop. The ANSI C standard 

level. As a simple example of nested fors, this fragment 
prints the numbers 1 to 10 on the screen ten times 

for(i=0; i<10; i++) ( 

for (j=1; j<ll; j++) printf("%d . 

print f("\n"); 


specifies that loops may be nested at least 15 levels deep 
However, mosL compilers allow nesting to virtually any 
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Examples 


1 ™ other improve - 
hplnw ,!«»„ c dnl1 - In the version shown 

to eet the riph < f g '' am WlU S ‘ Ve ^ user ^ ree dances 
to get the right answer. Notice the use of the variable 

n§lifc stop the Iood earlv if t-v* 

gj ven F P earI y “ correct answer is 


♦include "conio.h" 
♦include "stdio.h" 


main ( ) 

{ 

int answer, count, chances, right; 

for(count=l; count<ll; count++) { 

printf("What is %d + %d? ", count, count); 
scanf("%d", Sanswer); 

if(answer == count+count) printf("Right'\n”) • 
else { 

princf("Sorry, you're wrong\n"); 
printf("Try again\n"); 


right = 0; 

/* nested for */ 

for(chances=0; chances<3 ! right; chances++) { 
printf("\nWhat is %d + %d? ", count, count); 
scanf("%d", Sanswer); 
if(answer == count+count) ( 
printf("Right!\n"); 

‘ right = 1; 

) 
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/* if answer still wrong, tell user */ 
if(!right) 

printf ("the answer is "id. \n , count+count) s 

) 

) 

1 

2. This program uses three for loops to print the alpha¬ 
bet three times, each time printing each letter twice. 


#include "stdio'.h" 

main ( ) 

1 

int i, j, k; 
f.or(i = 0; i<3; i++) 
for(j=0; j<26; jf+) 

for (k=0; k<2; k++) printf ("%c", ' A',+j) ; 


The statement 


printfV’ % c", ' A f + j) ; 

works because ASCII codes for the letters of the 
alphabet are strictly ascending, each one greater 
than the one that precedes it. 

<% 

Exercises 

1. Write a program that finds all the prime numbers 
between 2 and 1000. 


2, r Write a program that reads ten characters from the 
keyboard. Each time a character is read, use its 
ASCII code value to output a string oi periods equal 
in number to this code. ho. e..ample, given the letter 
'A! whose code is 65, your program would output 
65 periods. 
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3.7 USE break TO EXIT A LOOP _ 

The break s'ptgment allows you to exit a loop from any 
point within its body, bypassing its normal termination 
expression. When the break statement is encountered 
inside a loop, the loop is immediately terminated, and 
program control resumes at the next statement follow¬ 
ing the loop. For example, this loop prints only the 
numbers 1 to 10 

#include "stdio.h" 
main (• ) ■ ■ :>- . ■ •'* .• 

’ .L 1 . 

int i; 

• • <•« ' , • * 

’• ’ J . v r. 

V : ,* 

£or..(i*l; i<100; i++) { 
printf( "%d ", i); 

if(i =r= 10) break; • /*- exit the loop */ 

1 

1 

' ' - * f 

The break statement can be used with all three of C's 
loops. 

You can have as many break statements within a 
loop as you desire. However^smce too many exit points 
from a loop tend to destructure your code, it is generally 
best to use the break for special purposes, not as your 
normal loop exit. 

Examples 

!• The break statement is commonly used in loops in 
which a special condition can cause immediate ter¬ 
mination. This is an example of such a situation, 
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where a keypress can stop the execution of the pro- 
gram. ' « 

#include "stdio.h" 

♦include "conio.h" - J 

main( ) 

' ( ■ ■ . • 

int- i; '■ : 

#■ V . ' 

/* display all numbers which are-multiples of 6 */ 

,,£pr<i=l; i< 10000 ; i++) { 

' ' if(!(i%6)) { 

printf ("%d more? (Y/N)", i)/ 

• • ch = getche { ) ; 

if(ch=='N') breaks 
printf("\n"); 


'V _ . 

2. A break will cause an exit from only the innermost 
loop. For example, this program prints the numbers 
1 to 5 five times. 

♦include "stdio*h" 

nu£io( ) 

{ v 

int i, j; 

for{i=0; i<5; i++) ( 
for(j*0; j<100; j++) ( 
printf("%d"/ j); 

* i} if ( j—5) break; 

' } 

printf (" \n"); 

1 • 

) 
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pie, examine this fragment" 10 " 6 eff ‘ Clent ' For exan> 


do { 


printf("Load 

do { ' ve# Edi t, Quit?\n") ; 

printf("Enter your , , 

ch « getche( ); selection: ; 

} whiie (ch!=» ch 

S ch!=' e r & fi C h!='Q', . 

if (ch !=' Qf , ^ 

^ /* do something */ 

if(ch!='Q», { 

} f * d °-something else */ 

/* etc. */ 

) while(ch!=' q», 

lorSd TlZ ITeln^r 1 ^ ^ Fer - 
executing • i See f lt 1S e 9 ual t0 Q t0 avoid 

selected llosfc^ Wh<m the Quit °P Hon is 
as this, instead" prC>8rammers w '*l write a ioop such 

f °r( , ; ) ( /* infinite for loop */ 

Printf("Load, Save, Edit, Quit?\n") ; 

printf( Enter your selection: "); 
ch - getche ( ); "y 

1 »hile(ch!='L> SS ch!-'S' it ch!-'E< is oh!='Q', ; 


if(Ch—Q-, break; 

/* do something */ 

'* d0 something else */ 
/* etc. */ 
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In this way, eh need only be tested once to see if it 
- contains a Q. 


Exercise 

1. On your own, write several short programs that use 
break to exit a loop. Be sure to try all three loop 
statements. 

2. Write a program that prints a table showing the 
proper amount of tip to leave. Start the table at $1 
and stop at $100, using increments of $1. Compute 
three tip percentages: 10%, 15%, and 20%. After each 
line, ask the user if he or she wants to continue. If 
not, use break to stop the loop and end the program. 

Q O KNOW WHEN TO USE 

3 • O THE continue STATEMENT 


The continue statement is somewhat the opposite of the 
break statement. It forces the next iteration of the loop 
to take place, skipping any code in between itself and 
the test condition of the loop. For example, this program 
never displays any output. 

« 

#include "stdio.h" 

main ( ) 

{ 

int x; 
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f 


for(x-G; x<100; 
continue; 
printf("%d ", 

) 

) 


xf+) | 

• /* thirj i :i never executed */ 


Each time the continue statement is reached, it causes 
the loop to repeat, skipping the printf() statement. 

In while and do-while loops, a continue statement 
will cause control to go directly to the test condition and 
then continue the looping process. In the case of for, the 
increment part of the loop is performed, the conditional 
test is executed, and the loop continues. 

Frankly, continue is seldom used, not because it is 
poor practice to use it, but simply because good appli¬ 
cations for it are not common 

Example 

1. One good use for continue is to restart a statement 
sequence when an error occurs. For example, this 
program computes a running total of numbers en¬ 
tered by the user. Before adding a value to the 
.-running total, it verifies that the number was cor¬ 
rectly entered. If it wasn't, it uses continue to restart 
the loop. 

#include "stdio.h" 

#include "conio.h" 

main( ) 
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int total, i/ 
char ch; 

total - 0; 
d° ( 

printf("Enter next number (0 to stop): )• 
scanf("%d", 4i )s 

pfcintf( "Is correct? (Y/N): ", i)l 

ch - getche( ); 

printf("\n") / 

if (ch-*'N') continue; 

total m total + i; 

} while(i); 

printf("Total is %d\n", total); 

) 


Exercise 

1. Write a program that prints only the odd numbers 
between 1 and 100. Use a for loop that looks like this: 

for(i—1;- i<101; i++) • • • 

Use a continue statement to avoid printing even 
numbers. 

O O SELECT PATHS WITH 
OSs THE switch STATEMENT 


While if is good for choosing between two alternatives, 
it quickly becomes cumbersome when several alterna¬ 
tives are needed. C's solution to this problem is the 
switch statement. The switch statement is C's multiple 
selection statement. It is used to select one of several 
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til" A triable'if Pr ° 8ram eXeCUtion and works like 

integer ^Sr«^ d a 8 ai, t a Usto f 

the statement seauen™ h 3 match 15 found ' 

executed. The general for 530 ?^ W “ h thal match is 
general form of the switch statement is 


switch(variable) { 
case constant1: 
statement sequence 
break; 

case constant2: 
statement sequence 
break; 

case constant3 : 
statement sequence 
break; 


default: 

statement sequence 

where the default statement sequence is performed if 
no matches are found. The default is optional. If all 
matches fail and default is absent, no action takes place. 
•When a match is found, the statements associated with 
that case are executed until break is encountered or, in 
the case of default orthe last ca§e, the end of the switch 
is reached. 

As a very simple example, this program recognizes 

the numbers 1,2,3, and 4 and prints the name of the one 

you enter. That is, if you enter 2, the program displays 
two. 
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linclucle "stdio.h" 

main( ) 

{ 

int i ; 

printf("Enter a number between 1 and 4: "); 

scant("%d", &i); 

switch(i) { 
case 1: 

printf("one") ; 

break; 
case 2: 

printf("two”); 

break; 
case 3; 

printf("three") ; 

. , - break; 
case 4 : 

printf("four") ; 

break; 
default: 

pr-.r.tf ("unrecognized number") ; 

) 

) 

The switch statement differs from if, in that switch 
can only test for equality, whereas the if conditional 
expression can be of any type. Also, switch will work 
with only int or char types. You cannot, for example, 
use floating-point numbers. 

The statement sequences associated with each case 
are not blocks; they are not enclosed by curly braces. 

The ANSI standard states that at least 257 case state¬ 
ments will be allowed. In practice, you should limit the 
amount of case statements to a much smaller number 
for efficiency reasons. Also, no two case constants in the 
same switch can have identical values. 

It is possible to have a switch as part of the statement 
sequence of an outer switch. This is called a nested 


Scanned by CamScanner 



More C Program Conlrol Stalcmenls 105 


switch ; IF the case c °nstants of the inner and outer switch 
contain common values, no conflicts will arise. For 

example, the following code fragment is perfectly ac¬ 
ceptable. 


switch (a) { 

case 1: 

switch(b) { 

case 0: printf{"b is false"); 
break; 

case 1: printf("b is true")- 

) 

break; 
case 2: 


An ANSI-standard compiler will allow at least 15 levels 
of nesting for switch statements. 

Examples 

1. The switch-statement is often used to process menu 
commands. For example, the arithmetic program 
can be recoded as shown here. This version reflects 
the way professional C code is written. 

#include "conio.h" 
tinclude "stdio.h" 

main ( ) 

{ 

int a, b; 
char ch; 

% 

printf("Do you want to:\n"); 

P r -'-nt. f i "Add, Subtract, Multiply, or Divide?\n ), 
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/* force -ser to enter a valid response */ 
do ( 

printf("Enter first letter: "); 

ch = yetche ( ); 

printf("\n"); 

} while(ch!='A' && ch!='S' && ch!='M' && ch!='D'); 

printf ("Enter first number: "); 
scanf("Id", &a); 

printf("Enter second number: "); 
scanf("%d", &b); 

switch (ch) ( 

case 'A': printf("%d", a+b)/ 
break; 

case 'S': printf("%d"/ a-b); 
break; 

case 'M': printfa*b); 
break; 

case 'D': if(b!=0) printf("%d", a/b); 

) 

) 

2. Technically, the break statement is optional. The 
break statement, when encountered within a , 
switch, causes the program flow to exit from the 
entire switch statement and continue on to the next 
statement out$ide£he#wit£h. this is much the way 
it works when breaking out of a loop. However, if 
a break statement is omitted, the execution contin-' 
ues into the following case or default statement (if 
either exists). That is, when a break statement is 
. missing, execution "falls through" into the next case 
and stops only when a break statement or the end 
of the switch is encountered. For example, study this 
program carefully. 


'v 


- ^ 


/ 
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Hncludo "atdlo.h" 

If include "conio.h" 

main( ) 

1 

char ch; 
do { 

printf("\nEnter a character, q to quit: 
ch - getche( ); 
printf("\n"); 

switch(ch) { 
case 'a' : 

printf( rt Now is 1 "); 
case ' b' : 

printf("the time "); 
case ' c' : 

printf ("for' all good men"); 
break; 
case ' d' : 

printf("The summer ") ; 
case 'e' : 

printf("soldier ") ; 

) ' 

•} while (ch!='q'); 

) 

If the user types a, the entire phrase Now is the time 
for all good men is displayed. Typing b displays the 
time for all good men. As you can see, once execu¬ 
tion begins inside a case, it continues until a break 
statement or the end of the switch is encountered. 

3. The statement sequence associated with a case may 
be empty. This allows two or more cases to share a 
common statement sequence without duplication of 
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code. For example, here is a program that categor¬ 
izes letters into vowels and consonants. 

♦include "stdio.h" 

♦include "conio.h" 

main( ) 

{ 

char ch; 

printf("Enter the letter: ") ; 

ch = getche{ ); 

switch(ch) f 
case ' a' : 
case 'e' : 
case 'i' : 
case 'o': 
case 'u': 
case 'y': 

printf (” is a vowel\n"); 

break; 
default: 

printf(" is a consonant"); 1 

) 

) 


Exercises 

1. What is wrong with this fragment? 

float f; 

scanf("%f", & f); 

0 

switch(f) { 
case 10.05: 


Scanned by CamScanner 



¥> 

i 

More C Program Control Statements 109 


2. Write a program that counts the number of letters, 
digits, and common punctuation symbols entered 
by the user. Stop inputting when the user presses 
EN1ER. Use a switch statement to categorize the 
characters into punctuation, digits, and letters. 
When the program ends, report the number of char¬ 
acters in each category. (If you like, simply assume 
that, if a character is not a digit or punctuation, it is 
a letter. Also, just use the most common punctuation 
symbols.) 


1 UNDERSTAND THE goto 
• J- V STATEMENT 


C supports a non-conditional jump statement, called 
the goto. Because C is a replacement for assembly code, 
the inclusion of goto is necessary because it can be used 
to create very fast routines. However, most program¬ 
mes do not use goto because it destructures a program 
and, if frequently used, can render the program virtu¬ 
ally impossible to understand later. Also, there is no 
routine that requires a goto. For these reasons, it is not 
used in this book outside of this section. 

The goto statement can perform a jump within a 
function. It cannot jump between functions. It works 
with a label. In C, a label is a valid identifier name 
followed by a colon. For example, the following goto 
jumps around the printf( ) statement. 

goto mylabel; 

printf("this will not print"); 
mylabel: printf("this will print"); 

About the only good use for goto is to jump out of a 
deeply nested routine when a catastrophic error occurs. 
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Example 


i. 


This program uses goto 

for loop running from 1 to 10.1™ 15 > , 

pie of goto, in actual practice, you should use a real 

for loop when one is needed.) 


♦include "stdio.h" 

main( ) 

{ 

int i; 
i = 1; 

again: 

printf("%d ”, i>' 

i++; 

if (i<10) goto again; 

) 


Exerqjse 

1 Write a program that uses goto to enua^te a while 
loop that counts from 1 to 10. 

EXERC ISES _ 

/» 

At this point, you should be able to answer these ques¬ 
tions and perform these exercises. 


X The ASCII codes for the lowercase letters are separ¬ 
ated from the uppercase letters by a difference of 32. 
Therefore', to convert a lowercase letter to an upper¬ 
case one, simply subtract32 from it. Write a program 
that reads characters from the keyboard and dis- 


MASTERY 
SKILLS CHECK 

v 
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, plays lowercase letters as uppercase ones. Stop 
when ENTER is pressed. 

2. Using a nested if statement, write? a program that 
prompts the user for a number and then reports if 
the number is positive, zero, or negative. 

3. Is this a valid for loop? 

char ch; 
ch = 'x'; 

f° r ( ; ch!=' ) ch = getche( ); 

4. Show the traditional way to create an infinite loop 

inC. F 

5. Using the three loop statements, show three differ¬ 
ent ways to count from 1 to 10. 

6. What does the break statement do when used in a 
loop? 

7. Is this switch statement correct? 
switch(i) { 

case 1: printf("nickel") ; 
break; 

case 2: printf ("clime") ; 
break; 

case 3: printf("quarter"); 

1 

Is this goto fragment correct? 
goto alldone; 


alt done 
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EXERCISES 


( his section checks how well you have integrated the 
material in this chapter with that from earlier chapters. 


1. Using a switch statement, write a program that 
reads characters from the keyboard and watches for 
tabs, newlines, and backspaces. When one is re- 
cieved, display what it is in words. For example, 
when the user presses the TAB key, prinl tab. Have 
the user enter a q to stop the program. 

2. While this program is not incorrect, show how it 
would look if written by an experienced C program¬ 
mer. 

^include "stdio.h" 

rrain ( ) 

( 

int i, j, k; 

for(k=0; k<10; k=k+l) ( 

printf ("Enter first number: ") ; 
scanf ("%d", &i)/ 

printf ("Enter second number: "); 
scan find", & j); 

jf(j!=0) printf("%d\n", i/j) • 
i t (j-=0) printf("cannot divide by zero\n-); 


INTEGRATING 
NEW SKILLS 
CHECK 

V 
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4-1. Use C's data-type modifiers 
4-2. Learn where variables are declared 
4-3. Take a closer look at constants 
4-4. Initialize variables 


4-5. Understand type conversion in expressions 
4-6. Understand type conversions in assignments 
4-7. Program with type casts 



Scanned by CamScanner 



* 4 * 

A Closer Look at 
Data Types, Variables, 
and Expressions 

This chapter examines more fully several concepts pre¬ 
sented in Chapter 1. It covers C's data-type modifiers, 
global and local variables, and constants. It also dis¬ 
cusses how C handles various type conversions. 
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EXERCISES 


Before proceeding you should be able to answer these SK.usa.ea 
questions and perform these exercises. -y 


1. Using C's three loop statements, show three ways to 
write a loop that counts from 1 to 10. 

2. Convert this series of ifs into an equivalent switch. 

if(ch--'L') load( ); 
else if (ch—'S') save ( ); 
else if (ch—'E') enter ( ); 
else if (ch=='D') display* ); 
else if (ch=='Q') quit( )/ 

3. Write a program that inputs characters until the user 

strikes the ENTER key. 

4. What'does break do? 

5. What does continue do? 

6. Write a program that displays this menu, performs 
the selected operation, and then repeats until the 

user selects Quit. 

Convert 

1. feet to meters 

2. meters to feet 

3. ounces to pounds 

4. pounds to ounces 

5. Quit 

Enter the number of your choice: 
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4.1 USE C ' S UATA-TYPE MODIFIERS 


In Chapter 1 you learned that C has live basic data 
types: void, char, int, float, and double. These basic 
types, except type void, can be modified using C's type 
modifiers to more precisely fit your specific need. The 
type modifiers are 


signed 

unsigned 

long 

short 


The type modifier precedes the type name. For exam¬ 
ple, this declares a long integer. 

long int i; 


Although allowed, the use of signed on integers is 
redundant because the default integer declaration as¬ 
sumes a signed number. (A signed number means that 
it can be positive or negative.) The signed modifier is 
used with char to create a small signed integer. In some 
implementions,charis unsigned. This means that when 
it is used as an integer, it can hold the positive numbers 
between 0 and 255. Specified as signed, it can hold 
numbers in the range-128 to 127. Since most implemen¬ 
tations use signed chars, this book assumes that char¬ 
acters are signed. 

The long modifier may be applied to int or double. 
When applied to int, it essentially doubles the length, 
in bits, of the base type that it modifies. For example, an 
integer, in many environments, is 16 bits. Therefore, a 
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long int is 32 bits in length. When long is applied to 

double it roughly doubles the precision. 

In theory, the short modifier halves the size of an 
int. Therefore, if your compiler, uses 32-bit integers, a 
short int will be 16 bits long. However, it may have no 
effect in your environment. Most PC-based C compi ers 
' use 16-bit integers because that is the word size of the 
8086. The ANSI C standard states that the smallest 
acceptable size for an int is 16 bits. It also states that t e 
smallest acceptable size for a short int is 16 bits. There 
fore, in many environments there is no difference e- 

tween an int and a short int. 

The unsigned modifier can be applied to char and 

int. It may also be used in combination with long or 
short: It is used to create an unsigned integer. The 
difference between signed and unsigned integers is in 
the way the high-order bit of the integer is interpreted. 
If aligned integer is specified, then the C compiler will 
generate code that assumes that the high-order bit of an 
integer is used as a sign flag. If the sign flag is 0, the 
number is positive; if it is 1, the number is negative. 
Negative numbers are generally represented using the 
two'scomplement approach. In this method, all bits in the 
number (except the sign flag) are reversed, and 1 is 
added to this number. Finally, the sign flag is set to 1. 
(The reason for this method of representation is that it 
makes it easier for the CPU to perform arithmetic oper¬ 
ations.) 

Signed integers are important for a great many al¬ 
gorithms, but\hey only have half the absolute magni¬ 
tude of their unsigned brothers. For example, here is 
32,767 shown in binary. 

01111111 HU 11 11 
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TABLE 4-1. All Possible Combinations of C's Basic Types and 
_Modifiers with Common Bit Lengths and Ranges 


Type 

Bit Width 

Range 

char 

8 

-128 to 127 

unsigned char 

8 

0 to 255 

signed char 

8 

-128 to 127 

int 

16 

-32768 to 32767 

unsigned int 

16 

0 to 65535 

short int 

16 

-32768 to 32767 

unsigned short int 

16 

0 to 65535 

long int 

32 

-2147483648 to 2147483647 

unsigned long int 

32 

0 to 4294967295 

float 

32 

3.4E-38 to 3.4E+38 

double 

64 

1.7E-308 to 1.7E+308 

long double 

80 

3.4E-4932 to 1.1E+4932 


If the high-order bit were set to 1, the number would 
then be interpreted as -1 (assuming two's complement 
format). However, if this is declared as an unsigned int, 
then when the high order bit is set to 1, the number 
becomes 65,535. 

Table 4-1 shows all allowed combinations of the 
basic types and the type modifiers. The table also shows 
the most common size and range for each type. 

C allows a shorthand notation for declaring un¬ 
signed, short, or long integers. You may simply use the 
word unsigned, short, or long without the int. The int 
is implied. For example. 
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unsigned count; 
unsigned int nurn; 

both declare unsigned int variables. 

It is very important to understand that variables of 
type char may be used to hold values other than just the 
ASCII character set. C makes little distinction between 
a character and an integer, except for the magnitudes of 
the values each may hold. Therefore, as mentioned 
earlier, a char variable can also be used as a "small" 
ifttegerwith the range-128 through 127 and can be used 
in place of an integer when the situation does not re¬ 
quire larger numbers. 

When outputting integers modified by short or long 
using printf( ), you cannot simply use the %d specifier. 

The reason is that printf( ) needs to know what type of 
data it is receiving. To use printf( ) to output a short, 
use %hd To output a long, use %ld. Also, when out- 
bw Ciig an unsigned value, use %u. Finally, to output 
a long double use %Lf. To output an unsigned long 
int, use %uld. 

The scanf( ) function operates in similar fashion to 
printf( ). When reading a short value using scanf( ), use 
%hd. When reading a long, use %ld. To read a double, 
use %lf. To read a long double, use % Lf. To read an 

unsigned long int, use %uld. 

'* * 

Examples 

1. This program shows how to input and output short, 
long, and unsigned values. 

^include "stdio.h 

main ( ) 

I 
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unsigned u; 
long 1; 

short s; : . 

printf("Enter an unsigned: "); 

scant ("%u", & u) ; 

printf("Enter a long: " ) ; 

scanf ("%ld", &1) ; 

printf("Enter a short: "); 

scanf("%hd", &s); 


printf("%u %ld %hd\n", u, 1 , s) ; 

) 

2. To understand the difference between the way that 
signed and unsigned integers are interpreted by C, 
run the following short program. 


^include "stdio.h" 

main( ) 

( 

int i; /* a signed integer */ 
unsigned int u; /* an unsigned integer */ 

u = 33000; 
i = u; 

printf("%d %u", i, u); 

) 

When this program is run, the output is -32536 
33000. The reason for this is that the bit pattern that 
33000 represents as an unsigned int is interpreted 
as -32536 by a signed int. As you know, the %d_tells 
printf( ) to display an integer in decimal form. 


3. 


In C, you may use a char variable _any_p!ace-you 
would use an int variable (assumi.ng_thedifferences 


their ranges is not a factor). For example, the 
[lowing program uses a char variable to con.tiol 
e loop that is summing the numbers between 1 
id 100. For many computers, it takes the computer 
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. L >' 

less time to access a single byte (one character) than 
it does to access two bytes. Therefore, many pro es- 
sional programs use a character variable rather than 
an integer one when the range permits. 

tinclude "stdio.h" 


main( ) 

{ 

int i; 
char j; 


i = 0; 
for(j=i; 


j<101; j++) i = 

i 


+ i; 


prin’tf ("Total is: %d’', i) ; 

} 


Exercises 


1 Show how to declare an unsigned short int called 
loc_counter. 

2. Write a program that prompts the user for a distance 
and computes how long it takes light to travel that 
distance. Use an unsigned long int to hold the 
distance. (Light travels at approximately 186,000 
miles per second.) 

3. Write this statement another way. 

short int i; , 



LEARN WHERE VARIABLES 
ARE DECLARED 


As you learned in„Chapter i # there are two basic places 
where a variable will be declared: inside a function and 
outside all functions. These variables are called local 
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variables and global variables, Respectively. It is now 
time to take a closer look at these two types of variables. 

Local variables (declared inside a function) may be 
referenced only by statements that are inside that func¬ 
tion. They are not kno’wn outside their own function. 
One of the most important things to understand about 
local yariables is that they exist only while the function 
in which they are declared is executing. That is, a local 
variable is created upon entry into its function and 
destroyed upon exit. 

Since local variables are not known outside their 
own function, it is perfectly acceptable for local vari¬ 
ables in different functions to have the same name. 
Consider the following program. 

#include "stdio.h" 

main( ) 

{ 

f l ( ) ; 

) 

f 1 < ) 

{ 

int count; 

for(count=0; count<10; count++) f2( ) ; 


£2 ( ) 


int. Cvunt; 
for(ccunt=0; count 



count) ; 


This program prints the numbers 0 through 9 on the 
screen ten times. The fact that both functions use a 
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variable called count has no effect upon the operation 
of the code. Therefore, what happens to count inside f2() 
has no effect upon count in fl(). 

The C language contains the keyword auto, which 
can be used to declare local variables. However, since 
all local variables are, by default, assumed to be auto, it 
is virtually never used. Hence, you will not see it in any 
of the examples in this book. 

Remember one important point: You must declare 
all local variables at the start of the function in which 
they are defined, prior to any program statements. For 
example, the following is incorrect. 

#include "stdio.h" 

main ( ) 

( 

printf ("this program won't' compile"); 

'int i; /* ttis should come first */ 
i = 10; 

printf (" r od", i) ; 


When a function is called, its local variables are 
created, and upon its return, they are destroyed. This 
means that local variables cannot retain their values 
between calls. ' 

The formal parameters to a function are also local 
variables. Even though these variables perform the sp< 
cial task of receiving the value of the arguments passed 
to the function, they can be used like any other local 
variable within that function. 

Unlike local variables, global variables are known 
throughout the entire program and may be used by any 
piece of code in the program. Also, they will hold ilieir 
value during the entire execution of the program. 
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Global variables are created by declaring them outside 
any function. For example, consider this program. 

Hnoludo "atdio.h" 

int max; /* thi.3 i3 a global variable */ 

main( ) 

I 

max - 10; 
fit ) ; 


f 1 ( ) 

( 

int i; 

for(i=0; i<max; i++) printf("%d ”, i); 

} 

Here, both main() and fl() reference the global vari¬ 
able max. The main() function sets the value of max to 
10, and fl() uses this value to control its for loop. 

Examples 


1. In C, a local variable and a global variable may have 
the same name. For example, this is a valid program. 

#include "stdio.h" 

int count; /* global count */ 


main( ) 

{ 

count = 10; 

f l ( ) ; 

printf ("count j.n main( ): 


%d\n", count); 
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fl( ) 

I 

int count; /* local count */ 

count = 100; 

printf ("count in f1( ): %d\n", count); 

} ‘ 

The program displays this output. 

count in f1 ( ) : 100 
count in main( ): 10 

In main( ), the reference to count is to the global 
variable. Inside fl( ), a local variable called count is 
also defined. When the assignment statement inside 
fl( ) is encountered, the compiler first looks to see if 
there is a local variable called coujit. Since there is, 
the local variable is used, not the global one with the 
same name. That is, when local and global variables 
share the same name, the 1 compiler.will always use 
the local variable. ' ’ ■ # ' 

2. Global variables are very helpful when the same 
data is used in many functions in your program. 
However, you should always use local variables 
where you can because the excessive use of global 
variables has some negative consequences. First, 
global variables use memory the entire time your 
program is executing, not just when they are need¬ 
ed. In situations where memory is in short supply, 
this could be a problem. Second, using a global 
where a local variable will do makes a function less 
general, because it relies on something that must be 
defined outside itself. For example, here is a case 
where global values are being used for no reason. 
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#in<~'_ude "stdio.h" 

: * m, e; 

~ain( ) 

m = 2 ; 

« - ?; 

pnntf ("%d raised to the %d power is %d", m, e, power ( )) 

/* Non-general version of power. */ 
power( ) 

{ 

int temp, temp2; 
temp = l; 

temp2 = e; V* 

^ or ( ' temp2> 0; temp2—) temp = temp * m; 
return temp; 

) 

Here, the function power() is created to compute 
the value of m raised to the eth power. Since m and 
e are global, the function cannot be used to compute 
the power of other values. However, if the program 
is rewritten like this, power() can be used with any 
two values. . V 

#include "stdio.h" ' ' . ' 

•? 

i 4 

main( ) 

{ 

int m, e ; 
m = 2; 
e = 3; 

printf("%d to the %d is %d\n", m, e, power,(m,/by); 
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printf ("4 to the 5 is Id", power(4, 5)); 

) 

/* Parameterized version of power. */ 
power (int m, int e) 

{ 

int temp; 
temp = 1; 

for( ; e> 0; e—) temp = temp * m; 
return temp; 

} 

By parameterizing power (), you can now use it to 
return the result of any value raised to some power, 

as the prognm now shows. 

The important point is that in. the non- 
generalized version, any program that uses power( 
) must always declare m and e as global variables 
and then load them with the desired values each time 
powerO is used. In the parameterized form, the 
function is complete within itself no extra baggage 
need be carried about when it is used. 

Finally, using a large number of global variables 
can lead to program errors because of unknown am! 
unwanted side effects. A major problem in develop¬ 
ing large programs is the accidental modification of 
a variable's value because it was used elsewhere in 
the program. This can happen in C if you use too 
many global variables in your programs. 

3 Remember, local variables do not maintain their 
values between function calls. For example, the fol¬ 
lowing program will not work correctly. 
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#include "stdio.h" 
main( ) 

l 

int i ; 

for(i=0; i<10; i++) printf ("%d", series( )); 


/* This is incorrect. */ 
series( ) 

( 

int total; 

total = (total + 1423) % 1422; 
return total; 

1 

This program attempts to use series() to gener¬ 
ate a number series in which each number is based 
upon the value of the preceding one. However, the 
value total will not be maintained between function 

calls, and the function fails to carry out its intended 
task. 


Exercises 

1. What are key differences between local and global 
variables? 

2. Write a program that contains a function called 
soundspeed( ), which computes the number of sec¬ 
onds it will take sound to travel a specified distance. 
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Make the program repeatedly request distances 
until the user enters 0. Write the program two ways; 
first, with soundspeedf ) as a nongeneral function 
and second, with soundspeedf ) parameterized. 
(For the spe6d of sound, use 1129 feet per second). 


a q TAKE A CLOSER LOOK 
AT CONSTANTS 


Constants refer to fixed values that may not be altered 
by the program. For example, the number 100 is a 
constant. We have been using constants in the preced¬ 
ing sample programs without much fanfare because, in • 
most cases, their use is intuitive. However, the time has 
come to cover them formally. 

Integer constants are specified as numbers without 
fractional components. For example, 10 and -100 are 
integer constants. Floating-point constants require the 
use of..tfie decimal point followed by the number's 
fractional component. For example, 11.123 is a floating¬ 
point constant C also allows you to use scientific nota¬ 
tion for floating-point numbers. Constants using 
scientific notation must follow this general form. 

number E sign exponent 

The sign is optional. Although the general form is 
shown with spaces between the component parts for 
clarity, there may be no spaces between the parts in an 
actual number. For example, the following defines the 
value 1234.56 using scientific notation. 

123.456E1 
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Character constants are enclosed between single 
quotes. Foi; example 'a' and '%' are both character con¬ 
stants. As some of the examples have shown, this means 
that if you wish to assign a character to a.variable of type 
char, you will use a statement similar to 

■ \ ( 

ch “ f Z' ; 

However, there is nothing in C that prevents you from 
assigning a character variable a value using a numeric 
constant. For example, the ASCII code for 'A! is 65. 
Therefore, these two assignment statements are equi¬ 
valent. 

char ch; 

k 

V 

ch = • A'; 
ch' = 65; 

• f 

When you enter numeric constants into your pro¬ 
gram, the compiler must decide what type of constant 
they are. For example, is 1000 an int, an unsigned, or a 
short? The reason we haven't worried about this earlier 
is that C automatically converts the type of the right 
side of an assignment statement to that of the variable 
on the left. (We will examine this process more fully 
later ;n this chapter.) So, for many situations it doesn't 
matter what the compiler thinks 1000 is? However, this 
can be important when you use a constant as an argu¬ 
ment to a function. In such a situation, the compiler 
must pass the correctly sized value to the function. 

By default, the C compiler fits a numeric constant 
into the smallest compatible data type that will hold it. 
Therefore, 10 is an int by default, but 64000 is unsigned 
and 100001 is a long. Even though the value 10 could 
he fit into a char, the compiler will not do this because 
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it means crossing type boundaries. The only exceptions 
to the smallest-type rule are floating-point constants, 
which are assumed to be doubles. For virtually all 
progams you will write as a beginner, the compiler 
defaults are perfectly adequate. However, as you will 
“see later in this book, there will come a point when you 
will need to specify precisely the type of constant you 
want. 

In cases where the default assumption that C makes 
about a numeric constant is not what you want, C 
allows you to specify the exact type of numeric constant 
by using a suffix. For floating-point types, if you follow 
the number with an 'F/ the number is treated as a float. 
If you follow it with an 'L,' the number becomes a long 
double. For integer types, the 'U' suffix stands for 

unsigned and the 'L' for long. 

As you may know, in programming it is sometimes 
easier to use a number system based on 8 or 16 instead 
of 10. As you learned in Chapter 2, the number system 
based on 8 is called octal and it uses the digits 0 through 
7. The base-16 number system is called hexadecimal and 
uses the digits 0 through 9 plus the letters A through 
'F/ which ‘‘stand :&r 10 through 15-. C allows you to 
specify integer constants as hexadecimal or octal in¬ 
stead of decimal if you prefer. A hexadecimal constant 
must begin with 'Ox' (a zero followed by an x ) then the 
constant in hexadecimal lonn. An octal constant begins 
with a zero. For example, OxAB is a hexadecimal con¬ 
stant, and 024 is an octal constant. You may use either 
upper- or lowercase letters when entering hexadecimal 
constants. 

C supports one other type of constant in addition to 
those of the predefined data types: the string. A string 
is a set of characters enclosed by double quotes. You 
have been working with strings since Chapter 1 because 
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both the printf() and scanf() functions use them. Keep 
in mind one important fact: although C allows you to 
define string constants, it does not formally have a 
string data type. Instead, as you will see a little later in 
this book, strings are supported in C as character ar¬ 
rays. (Arrays are discussed in Chapter 5.) 

To display a string using printf() you can either just 
make it part of the control string or you can use the %s 
format code. For example, this program prints the sen¬ 
tence Once upon a time on the screen. 

#include "stdio.h" 


main ( ) 

{ 

printf("%s %s %s", "Once " 

} 


"upon ", "a time"); 


Examples 

1. To see why it is important to use the correct type 
specifier with printf(), try this program. Instead of 
printing the number 42340, it displays - 23196, be¬ 
cause it thinks that it is receiving a signed integer. 

Tc make it work properly, you must use the %u 
specifier. 

^include "stdio.h" 

main ( ) 

{ 

print f (" %d", 42340 ); /* this won't work, right */ 

1 

2. To see 'why you may need to explicitly tell the com¬ 
piler what type of constant you are using, try this 

program 
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♦include ,, stdio.h ,, 

main( ) 

{ 

printf("%ld", 2309); 

) * 

This program is telling printf() to expect a long int, but 
the compiler assumes that 2309 is simply an int. Hence, 
it does not output the correct value. To fix it, you must 
specify 2309 as 2309L. 

Exercises 

1. How do you tell the C compiler that a floating-point 
constant should be represented as a float instead of 
a double? 

2. Write a program that reads and writes a long int 
value. 

3. Write a program that outputs I like C using three 
separate strings. 

i ■. 

4 4 INITIALIZE VARIABLES _ 

A variable may be given an initial vali^. when it is 
declared. This is called variable initialization. general 
form of variable initialization is ? shown here. 


type var-name = constant ; 

For example, this statement declares count as an int and 
gives it an initial value of 100. 

int count =100; 
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The mam advantage of using an initialization rather 
than separate assignmentstatement is that the compiler 
may be able to produce faster code. Abo, this saves 
some typing effort on your part. 

Remember, you can only use constants in initializa¬ 
tions. You may not use a variable name. 

Global variables are initialized only once, at the start 

of program execution. Local variables are initialized 
each time a function is entered. 

Variables that are not initialized should be assumed 
to contain unknown values. Although some C compil¬ 
ers automatically initialize noninitialized variables to 0 
you should not count on this. 


Examples 

1. This program gives i the initial value of -1 and then 
displays its value. 

♦include "stdio.h" 

main ( ) 

{ 

int i = -l; 


printf("i is initialized to %d", i) ; 


2. When you declare a list of variables, you may ini- 
tialize one or more of them. For example, this frag¬ 
ment initializes min to 0 and max to 100. It does not 
initialize count. 

i 

mt min=0, count, max=100; 

3- As stated earlier, local variables are initialized each 
time the function is entered. For this reason, this 
program prints 10 three times. 
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linclude "stdio.h" 

main ( ) 

( 

f< ) ; 
f( )/ 
f( ); 

) 

f( ) 

{ 

int i = 10; 
printf("%d ", i); 

) 


Exercises 

1. Write a program that gives an integer variable 
called i an initial value of 100 and then uses i to 
control a for loop that displays the numbers 100 
down to 1. 

2. Is this line of code correct? 
int a=l, b—2, c=a; 

a rr UNDERSTAND TYPE 

JC.D CONVERSION in expressions 


Unlike many other computer languages, C lets you mix 
different types of data together in one expression. For 
example, this is a perfectly valid C code. 


char ch; 
int i; 
float f; 
double outcome; 
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ch = '0' ; 
i = 10; 
f = 10.2; 

outcome = ch*i/f; 


C allows the mixing of types within an expression 
because it has a strict set of conversion rules that dictate 

how type differences are resolved. Let's look closely at 
them in this section. 

One portion of C's conversion rules is called type 
promotions. In C, whenever a char or a short int is used 
in an expression, its value is automatically elevated to 
int during the evaluation of that expression. This is why 
you can use char variables as "little integers" anywhere 
you can use an int variable. Keep in mind that the type 
promotion is only in effect during the evaluation of an 
expression. The variable does not become physically 

arger. (In essence, the compiler just uses a temporary 
copy of its value.) y 

After the automatic type promotions have been ap- 
p led, the C compiler will convert all operands "up" to 
the type of the largest operand. This is done on an 
operation-by-operation basis, as described in the fol¬ 
lowing type-conversion algorithm. 

IF an operand is a long double 

THEN the second is converted to long double 

ELSE IF an operand is a double 

THEN the second is converted to double 

ELSE IF an operand is a float 

THEN the second is converted to float 

ELSE IF an operand is an unsigned long 

THEN the second is converted to unsigned long 

ELSE IF an operand is long 

THEN the second is converted to long 
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ELSE IF an operand is unsigned 
THEN the second is converted to unsigned 

Once these conversion rules have been applied, each 
pair of operands will be of the same type and the result 
of each operation will be the same as the type of both 
operands. 

Examples 

1. In this program, i is elevated to a float. Thus, the 
program prints 232.3. 

♦include "stdio.h" 
main( ) 

r { 

int i; 
float f; 

i = 10; 
f = 23.23; 

K- ' 

printf("%f”, i*f); 

* » 

-2. This program illustrates how short ints are automata 
ically promoted to ints. The printf() statement 
works correctly even though the %d modifier is 
used. 

♦ include ’’stdio.h" 

main ( ) 

{ 

short int i; 

% 

i = -10; 

printf (’’%d’’ # i); 

) 
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3. Even though the final outcome of an expression will 
be of the largest type, the type conversion rules are 
-applied on an operation-by-operation basis. For ex¬ 
ample, in this expression 

100.0/(10/3) 

the division of 10 by 3 produces an integer result, 
since both are integers. Then this value is elevated 
to 3.0 to divide 100.0. 


Exercises 

1. Given these variables, 

char ch; 
short i; 

unsigned long ul; 

float f; V 

what is the overall type of this expression: 

f/ch- (i*ul) ' 

2. What is the type of the subexpression Pul, above? 


J s UNDERSTAND TYPE 

CONVERSIONS IN ASSIGNMENTS 

In an assignment statement in which the type of the 
right side differs from that of the left, the type of the 
right side is converted into that of the left. When the 
type of the left side is larger than the type of the right 
side, this process causes no problems. However, when 
the type of the left side is smaller than the type of the 
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right, data Joss may occur. For example, this program 
displays -24. 


#include "stdio.h" 

main( ) 

{ 

char eh; 
int i; 

i = 1000; 
eh *• i; 

printf ("Id", eh); 

} 

The reason for this is that only the low-order eight bits 
of i are copied into ch. Since this sort of assignment type 
conversion is notan error in C, you will receive no error 
message. Remember, one reason C was created is to 
replace assembly language, so it must allow all sorts of 
type conversions. For example, in some instances you 
may only want the low-order eight bits of i, and this sort 
of assignment is an easy way to obtain them. 

When there is an integer-to-character or a longer-in- 
teger-to-shorter-integer type conversion across an as¬ 
signment, the basic rule is that the appropriate number 
of high-order bits will be removed. For example, in 
many environments, this means 8 bits will be lost when 
going from an int to a char, and 16 bits will be lost when 
going from a long to an int. 

When converting from a long double to a double or 
from a double to a float, precision is lost. When con¬ 
verting from a floating-point value to an integer value, 
the fractional part is lost, and if the number is too large 
to fit in the target type, a garbage value will result. 

■a. - * 
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Remember two important points: First, the conver¬ 
sion of an int to a float or a float to double, and so on, 
will not add any precision or accuracy. These kinds of 
conversions will only change the form in which the 
value is represented. Second, some C compilers will 
always treat a char variable as an unsigned value. 
Others will treat it as a signed value. Thus, what will 
happen when a character variable holds a value greater 
than 127 is implementation-dependent. If this is impor¬ 
tant in a program that you write, it is best to declare the 
variable explicitly as either signed or unsigned. 

Examples 

1. As stated, when converting from a floating-point 
value to an integer value, the fractional portion of 
the number is lost. The following program illus¬ 
trates this fact. It prints 1234.0098 1234 

♦include "stdio.h” 

main( ) 

1 

int i; 
float f; 

f - 1234.0098; 
i = f; /* convert to int */ 
printf ("%f %d", f, i) ; 

1 

2. When converting from a larger integer type to a 
smaller one, it is possible to generate a garbage 
value, as this program illustrates. 

♦include "stdio.h" 

main( ) 
t 

int i; 
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long int 1; 

1 = 100000 ; 

i = 1; /* convert to int */ 
printf("%d"/ i) ; 

) . . .. 

Since the largest value that an integer can hold is 
32,767, it cannot hold 100,000. What the compiler 
does, however, is copy the lower order half of 1 into 

i. This produces the meaningless value of-31072 on 
the screen. 


Exercises 

1. What will this program display? 
*include "stdio.h" 

main ( ) 

{ 

int i ; 

long double Id; 

Id = 10.0; 
i = Id; 

printf("%d", i); 

) 

2. What does this program display? 

#include "stdio.h" 

main( ) 

{ 

float f; 
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f = 10 / 3; 
printf("%f", f) ; 

} 

4.7 PROGRAM with type cas ts 

Sometimes you may want to transform the type of a 
variable temporarily. For example, you may want to use 
a floating-point value for one computation, but wish to 
apply the modulus operator to it elsewhere. Since the 
modulus operator can only be used on integer values, 
you have a problem. One solution is to create an integer 
variable for use in the modulus operation and assign 
the value of the floating-point variable to it when the 
time comes. This is a somewhat inelegant solution, 
however. The other way around this problem is to use 
a type cast, which causes a temporary type change. 

A type cast takes this general form: 

{type) value 

where type is the name of a valid C data type. For 
example, 

float f; 
f = 100.2; 

/* print f as an integer */ 

Printf("Id", (int) f); 

Here, the type cast causes the value of f to be converted 
to an int. 
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Examples 

As you learned in Chapter 1, sqrlf), one of C's 
library functions, returns the square root of its argu¬ 
ment. It uses the MATH.II header file. Its single 
argument must be of type double, it also returns a 
double value. The following program prints the 
square roots of the numbers between I and 100. It 
uses a type cast to convert the int variable control¬ 
ling the loop temporarily into a double. 

linclude "atdio.h" 

Jfinclude "math.h" 

main ( ) 

( 

int i; 

for(1-1/ i<101/ i++) 

printf("%d %lf\n", i, aqrt((double) i ))/ 

) 

Keep in mind that the loop could have been con¬ 
trolled using a double variable, but it would have 
been less efficient. 

2. You cannot cast a variable that is on the left side of 
an assignment statement. For example, this is an 
invalid statement in C. 

int num; 

, , I 

(float) num - 123.23/ /* thin in inoocrect */ 

Exercise 

X. Write a program that uses for to print the numbers 
1 to TO by tenths. Use n floating-point variable to 
control the loop. However, use a type cast so that the 
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conditional expression is evaluated as an integer 
expression in the interest of speed. 

EXERCISES 


At this point you should be able to answer these ques¬ 
tions and perform these exercises. 

1. What are C's data-type modifiers and what function 
do they perform? 

2. How do you explicitly define an unsigned constant, 
a long constant, and a long double constant? 

3. Show how to give a float variable called balance an 
initial value of 0.0. 

4. What are C's automatic type promotions? 

5. What is the difference between a signed and an 
unsigned integer? 

6. Give one reason why you might want to use a global 
variable in your program. 

7. Write a program that contains a function called 
seriesf). Have this function generate a series of 
numbers, based upon this formula: 

next number = (previous number * 1468) % 467 

Give the number an initial value of 21. Use a global 
variable to hold the last value between function 
calls. In main() demonstrate that the function works 
by calling it ten times and displaying the result. 

®* What is a type cast? Give an example. 


MASTERY 

SKILLSCHECK 
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EXERCISES 


This section checks how well you have integrated the integrating 

material in this chapter with that from earlier chapters, mew skills 

r r check 

1. As you know from Chapter 3, no two cases with the / 

same switch may use the same value. Therefore, is V 

this switch valid or invalid? Why? (Hint, the ASCII 

code for'A'is 65.) 

switch(x) { 

case 'A': printf("is an A")/ 
break; 

case 65: printf("is the number 65"); 
break; 

) 

2. Technically, for traditional reasons the getchar() 
and getche() functioris are declared as returning 
integers, not character values. However, the charac¬ 
ter read from the keyboard is contained in the lower- 
order byte. Can you explain why this value can be 
assigned to char variables? 

3. In this fragment, will the loop ever terminate? Why? 

(Assume integers are 16 bits long.) 

int i 

for(i=0; i<33000; i++) ; 


i 

Scanned by CamScanner 


CHAPTER OBJECTIVES 


5.1 Declare one-dimensional arrays 

5.2 Use strings 

5.3 Create multidimensional arrays 

5.4 Initialize arrays 

5.5 Build arrays of strings 


Scanned by CamScanner 



5 - 


Exploring Arrays 
and Strings 

In this chapter you will learn about arrays. An array is 
essennally a list of related variables and can be very 

sim^t m * Vane / y ° f sUu . ati °ns. Since in C strings are 

string "Jr 5 ° Characters ' y° u wi “ also learn about 
strings and several of C's string functions 
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EXERCISES _ 

Before proceeding, you should be able to answer these 
questions and perform these exercises. 

1. What is the difference between a local and a global 
variable? 

2. What data type will a C compiler assign to these 
numbers? 

a. 10 

b. 10000 

c. 123.45 

d. 123564 
- 45099 

3. Write a program that inputs a long, a short, and a 
double and then writes these values to the screen. 

4. What does a type cast do? Write a program that 
prints the square roots of the numbers 1 to 10. Cast 
the integer that controls the loop into a double, so 
that it can be used as an argument to sqrt(). 

5. To which if is the else in this fragment associated? 
What is the general rule? 

if (i) 

if ( j) printf {"i and j are true"); 
else printf ("i i s false") ; 

6. Using the following fragment, what is the value of 
a when i is 1? What is a s value when i is 4? 


SKILLS CHECK 

V 
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switch (i) 

( 


case .1 : 

a 

- 1; 

case 2: 

a 

* 2 ; 

break; 

case 3: 

a 

« 3; 

break; 

case 4 : 

case 5: 

\ 

a 

" 5; 


C 1 DECLARE ONE-DIMENSIONAL 
* ARRAYS 


In C, a one-dimensional array is a list of variables that 
are all of the same type and are referenced through a 
common name. An individual variable in the array is 
called an array element. Arrays form a convenient way 
to handle groups of related data. ’• 

To declare a one-dimensional array, use the general 
form 

I 

type var _narne[size ]; 

where type is a valid C data type, var_name is the name 
of the array, and size specifies the number of elements 
m the array. For example, to declare an integer array 
with 20 elements called myarray, use this statement. 

int myarray[20] ; 

p., 

An array element is accessed by indexing the array 
using the number of the element. In C, all arrays begin 
at 0. This means that if you want to access the first 
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element in an array, use 0 for the index. To index an 
array, specify the index of the element you want inside 
square brackets. For example, the following statement 
accesses the second element of myarray: 


myarray[1]; 


Remember, arrays start at 0, so an index of 1 references 
the second element. 

To assign an array element a value, put the array on 
the left side of an assignment statement. For example, 
this gives the first element in myarray the value 100. 

myarray[ 0 ] = 100; 


C stores one-dimensional arrays in one contiguous 
memory location with the first element at the lowest 
address. For example, after this fragment executes, 

int if 5]; 
int j ; 


for(j=0; j<5; j++) i[j] = j. 
array i will look like this: 



0 

1 

2 

3 

4 

i 

0 

0 

0 

0 

10 


You may use the value of an array element anywhere 
you would use a s.mple variable or constant For exam 

pie, the following program loads exam- 

squares of the numbers 1 through 10 ail'd th<? 

them. 8 ° 3nd then displays 
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Hinclude "atdio.h" 

n\a i n ( ) 

I 

int aqra(10]; 
int t; 

£or(i"lj i < 11; i + + ) 3qrs[i-l] = i*i; 
for(i-*0; i<10; i + + ) printf("%d ", sqrs[i]); 

1 

When you want to use scanf() to input a numeric 
value into an array element, simply put the & in front 
of the array name. For example, this scanf() call reads 
an integer into count[9]. 

scant 1 ("%d", &count[9]); 

C does not perform any bounds checking on array 
indexes. This means that it is possible to overrun the 
end of an array. For example, if an array called a is 
declared as having five elements, the compiler will still 
let you access the (non-existent) tenth element with a 
statement like a[9]. Of course, attempting to access non¬ 
existent elements will generally have disastrous results, 
often causing the program—even the computer—to 
crash. It is up to you, the programmer, to make sure that 
the ends of arrays are never overrun. j 

In C, you may not assign one entire array to another. 
For example, this fragment is incorrect. 

char al [10’] , a2 [10] ; 


a2 » al; /* this is wrony */ 
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If you wish to copy the values of all the elements of one 
array to another, you must do so by copying each 
element separately. 

Examples 

1. Arrays are very useful in programming when lists 
of information need to be managed. For example, 
this program reads the noonday temperature for 
each day of a month and then reports the month's 
average temperature, as well as its hottest and cool¬ 
est days. 

#include "stdio.h" 

main( ) 

{ 

int temp[31J, i, min, max, avg; 
int days; 

printf("How many days in the month? ") ; 
scanf{"%d", &days); 

for(i=0; i<days; i++) { 

printf("Enter noonday temperature for day Id: ", i+1); 
scanf("%d", &temp[i]); 

} ’ 

/* find average */ 
avg = 0; 

for(i=0; i<days; i++) avg = aV g + tempfi]; 

printf("Average temperature: %d\n", avg/days); 

/* find min and max */ 

min = 200; /* initialize min and max */ 

max = 0; 

for(i=0; i<days; i++) { 

if(min>temp[i]) min = temp[i] ; 
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if(maxctemp[i]) max = temp[i]; 

] 

printf ("Minimum temperature: 'tid\n", min); 
printf("Maximum temperature: %d\n", max); 

) 

2. As stated earlier, to copy the contents of one array 
to another, you must explicitly copy each element 
separately. For example, this program loads al with 
the numbers 1 through 10 and then copies them into 

a2. 

#include "stdio.h" 

main ( ) 

( 

int al [ 10], a2 [ 10];‘ . - 

int i; 


for(i=l; 

i<l 1 ; 

i+-r) 

ol [i-1] 

for(i=l; 

i<ll; 

i++) 

a2 [l-l] 

for (i=l; 

i < 11 ; 

i++) 

printf( 

) 





3. The following program is an improved version of 
the code-machine program developed in Chapter 3. 
In this version, the user first enters the message, 
which is stored in a character array. When the user 
presses ENTER, the entire message is then encoded 
by adding 1 to each letter. 

finclude "stdio.h" 

#include "conio.h" 

main( ) / 

{ 

char mess [80] ; 
int i; 
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printf("Enter message (less than 80 characters)\n"); 
for(i=0; i<80; i++) { 

mess[i] = getche( ) ; 
if(mess[i]== f \r' ) break; 


for (i=0; temp (i] ! =' \ r ' ; i++) printf ("%e, temp[i]); 

^ $ £!'] { — J 

4. Arrays are especially useful when you want to sort 
information. For example/this program lets the user 
enter up to 100 numbers and then sorts them. The 
sorting algorithm is the bubble sort. The bubble sort- 
algorithm is very poor, but it is simple to understand 
and easy to code. The general concept behind the 
bubble sort, indeed how it got its name, is the re¬ 
peated comparisons and, if necessary, exchanges of 
adjacent elements. This is a little like bubbles in a 

tank of water with each bubble, in turn, seeking its 
own level. 

■0 

#include "stdio.h" >r , 

finclude ’‘stdlib.h" 

main( ) 

( • 

int item[100]; 
int a, b, t; 
int count; 

/* read in numbers */ 
printf("How many numbers? "); 
scanf("Id", Scount) ; 

for (a=0; a<count; a++) scanf("%H" r •. 

' oU • & item[a ])• 


/* now, sort them using a bubble sort 
for(a=l; a<count; ++a) 

for(b=count-l; b>=a; —fc) [ 

/* compare adjacent elements */ 
if(item[b-1] > itemfb]) { 

/* exchange elements */ 
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t = item[b-l]; 
item[b-l] = item[b); 
item[b] = t; 

} 

} 


/* display sorted list */ 

for(t=0; t<count; t++) printf("%d ", item[t]); 


Exercises 

1. What is wrong with this program fragment? 

i 

tinclude "stdio.h" 

main( ) i : 

int i, count[10]; 

for (i=0; -i<100; i++) { 

printf("Enter a number: "); 
scanf("%d", &count[i]); 

) 


2. Write a program that reads ten numbers entered by 
the use* and reports if any of them match. 

3. Change the sorting program shown in the examples 
so that it sorts data of type float. 


5.2 USE STRINGS 

The most common use of the one-dimensional array in 
C is the string. Unlike most other computer languages. 
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C has no built-in string data type. Instead, C supports 
strings using one-dimensional character arrays. A 
string is defined as a null-terminated character array. In C 
a null is 0. The fact that the string must be terminated 
by a null means that you must define the array that is 
going to hold a string to be one byte larger than the 
largest string it will be required to hold, to make room 
for the null. A string constant is also null-terminated by 
the compiler automatically. 

To read a string from the keyboard you must use 
another of C's standard library functions, gets() which 
requires the STDIO.H header file. To use gets(), call it 
using the name of a character array without any index. 
The gets() function reads characters until you press 
RETURN. The carriage return is not stored, but is re¬ 
placed by a null, which terminates the string. For exam¬ 
ple, this program reads and writes a string entered at 
the keyboard. *:• 


#include "stdio.h" 

main ( ) 

{ 

char str [80J ; 
int i; 

printf("Enter a string (less than 80 chars) :\n"> 
gets (str); 

f or(i=0; str[i]; i++) printfstrfij); 


Notice how the program uses the fact that a null is false 
to control the loop that outputs the string 
The getsO function per f orms no ^ ^ 

so it is possible for he user to enter more characters 
than the string that gets() is called wjfh can hold 
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Therefore, be sure to call it with an array large enough 
to hold the expected input. h b 

In the previous program, the string that was en tered 
by the user was output to the screen a character al a 
time. There, is however, a much easier way to display a 

string, using printff). Here is the previous program 
rewritten. ° 

♦include "stdio.h" 

main( ) 

( 

char str[80]; 

printf("Enter a string (less than 80 chars)-\n")- 
gets(str); ' ' ' 

printf(str); /* output the string */ 


Since the first argument to printf!) is a string, you 

toTrLTi *u mth0Ut any index as the first orgument 
° P .. ,f( J- If y° u wanled to output a newline, you 
could output str like this: y 


printf(»%a\n«, 3tr ); 


s meth ° d uses the %s format specifier followed by- 
e newline character and uses the array as a second 
ar gument to be matched by the.%s specifier. 

TheC standard library supplies many string-related 

unctions. The four most important are strcpyf); strcat (), 
strcmpf ), and strlen(). These functions require the 
deader file STRING.H. Let's look at each now. 

The strcpyf) function has this general form. 
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strcpy (to, from); 

♦ 

It copies the contents of from to to. The contents of from 
are unchanged. For example/ this fragment copies 
string "hello" into str and displays it on the screen. 


char str{ 80 }; 

strcpy(str, "hello”); 
printf r%s", str); 

The strcpy() function performs no bounds checking, so 
you must make sure that the array on the receiving en 
is large enough to hold what is being copied, including 
the null terminator. 

The strcaf () function adds the contents of one string 
to another. This is called concatenation. Its general form 

.V 4 

0 • 

is 

strcat (to, from); 

It adds the contents of from to the contents of to. It 
performs no bounds checking, so you must make sure 
that to is large enough to hold its current contents plus 
what it will be receiving. This fragment displays hello 
there. 


char str[ 80 ] ; 

strcpy(str, "hello"); 
strcat(str, " there"); 
printf (»tr); 

The strcmp() function compares two strings. It 
takes this general form. 
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strcmp(s7,52); 


It returns 0 if the strings are the same. It returns less than 
0 if si is less than s2 and greater than 0 if si is greater 
than s2. The strings are compared lexicographically, 
that is, in dictionary order. Therefore, a string is less 
than another when it would appear before the other in 
a dictionary. A string is greater than another when it 
would appear after the other. The comparison is not 
based upon the length of the string. Also, the compari¬ 
son is case-sensitive, lowercase characters being greater 
than uppercase. This fragment prints 0, because the 
strings are the same. 

printf("%d", strcmp("6ne", "one")); 

\ 

The strlenf) function returns the length, in charac¬ 
ters, of a string. Its general form is 

strlen(sfr); 

The strlen() function does not count the null termina¬ 
tor This means that if strlenf) is called using the string 
"test", it will return 4. 

Examples 

T This program requests input of two strings, then 
demonstrates the four string functions with them. 

^include "string.h" 

^include "3tdio.h" 

main ( ) 

I 
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c.-il rtrl(80], str2(80]; 
int i; 

printf("Enter the first string: "); 
gets (strl); 

printf {’’Enter the second string: ") ; 
gets(str2); 

/* see how long the strings are */ 

- printf ("%£ is %d chars long\n", strl, strlen(strl)); 
printf ("%s is %d chars long\n", str2, strlen(str2)) ; 

/* compare the strings */ 
i = strcmp(strl, str2); 

if(!i) printf ("The strings are equal.\n"); 

else if(i<0) printf("%s is less than %s\n", strl, str2 

else printf("%s is greater than %s\n", strl, str2); 

/* concatenate str2 to end of strl if 
there is enough room */ 
if(strlen(strl) + strlen(str2) < 80) ( 

strcat(strl, str2); 
printf( ”%s\n", strl); 

) 

/* copy str2 to strl */ 

strcpy(strl, str2); 

printf ("\s. strl, str2) ; 

) 

**■ u * 

2. One common use of strings is to support a command - 
teaf interface. Unlike a menu, which allows the user 
to make a selection, a command-based interface 
displays a prompting message, waits for the user to 
enter a command, and then does what the command 
requests. Many operating systems use command¬ 
line interfaces, for example. The following program 
is similar to a program developed in Section 3.1. It 
allows the user to add, subtract, multiply, or divide, 
but docs not use a menu. Instead, it uses a com¬ 
mand-line interface. 
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♦include "stdlib.h" 

♦include "stdio.h" 

♦include "string.h” 

■ . +*4 

''ii n ( ) 

i 

char command[80], temp[80]; 
int i, j; 

for( ; ;) { 

printf("Operation? ") ; 
gets(command); 

/* see' if user wants to stop *7 
if(!strcmp(command, "quit")) break; 

printf("Enter first number: ") ; 
gets(temp); 
i = atoi(temp);* 

printf("Enter second number: "); 
gets(temp); 
j = atoi(temp); 

/* now, perform the operation */ 
if(!strcmp(command, "add")) 
printf("%d\n", i+j) ; 
else if(!strcmp(command, "subtract")) 
printf("%d\n", i-j) ; 
else if(!strcmp(command, "divide")) { 
if(j) printf("%d\n", i/j) ; 

) 

else if( ! strcmp(command, "multiply")) 
printf("%d\n", i*j); 
else printf("Unknown command.\n") ; 

) 

} 


Notice that this example also introduces another 
of C's standard library functions: atoi( ). The atoi() 
function returns the integer equivalent of the num¬ 
ber represented by its string argument. For example. 
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1 


atoiClOO") returns the value 100. The reason that 
scan ft ) is not used to read the numbers is because 
it is incompatible with gets(). (You will need to 
know more about C before you can understand (he 
cause of this incompatibility.) The atoi() function 
uses the header file STDLII3.H. 

3. You can create a string of length 0, using a strcpy() 
statement like this: 

st repy(str, ""); 

Such a string is called a null string. It contains only 
one element: the null terminator. 


Exercises 

1. Write a program that inputs a string, then displays - 
' it backward on the screen. 

2. What is wrong with this program? 

#include "acting.h" 

#include "stdio.h" 


main ( ) 

{ 

char str[5J; 

strepy(str, "this is a test"); 
printf(str) ; 


3. 


Write a program that repeatedly inputs strings. Each 
time a string is input, concatenate it with a second 
string called bigstr. Add newlines to the end of each 
strmg. If the user types quit, stop inputting and 
display bigstr (which will contain a record of all 
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strings input). Also stop if bigstr will be overrun by 
the next concatenation. 

r o CREATE MULTIDIMENSIONAL 
ARRAYS 


In addition to one-dimensional arrays, you can create 
arrays of two or more dimensions. For example, to 
create a 10x12 two-dimensional integer array called 
count, you would use this statement. 

int count!10] [12]; 

As you can see in the example, to add a dimension, you 
simply specify its size inside square brackets. 

A two-dimensional array is essentially an array of 
one-dimensional arrays and is most easily thought of in 
a row, column format. For example, given a 4x5 integer 
array called two_d, you can think of it looking like that 
shown in Figure 5-1. Assuming this conceptual view, a 
two-dimensional array is accessed a row at a time, from 
left to right. This means that the rightmost index will 
change most quickly when the array is accessed seq nen- 
tially from the lowest to highest memory address, j 



FIGURE 5-1. A conceptual view of a two-dimansional array 
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Two-dimensional arrays are used like one-dimen¬ 
sional ones. For example, this program loads a 4x5 
array with the products of the indices, then displays the 
array in row, column format. 

♦ include "stdio.h" 

main( ) 

{ 

int twod[4][5]; 
int i, j; 

for(i=0; i<4; i++) 
for(j=0; j<5; j++) 
twod[i][ j ] = i*j; 

for(i=0; i<4; i++) { 

for ( j=0; j<5; j + + ) 

printf("%d ", twod[i][j]); 
printf("\n"); 


The program output looks like this: 

00000 

01234 

02468 

036912 

To create arrays of three dimensions and greater 

simply add the size of the additional dimension. For 

example, the following statement creates a 10x12x8 
three-dimensional array. 

float values [10] [ 12 ] [8]; 
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A three dimensional array i s essenH.n 

dimensional arrays. a ^ an arra y of two- 

(You may create arrays nf m 

sions, but this is seldom done h ‘ hree dimeri ' 

memory they consume increases CaUSe ^ amount of 
each additional dimension c e *P°nentially with 
ter one-dimensional array 'fa* eXample ' a 100-charac- 
°ry. A 100x100 character array'm ^ ^ ° f mem ‘ 

and a 100 x 100 x 100 array 7 quires 10 ' 000 bytes, 
100 x 100 x 100 x 100 four-di^n A 

quire 100,000,000 bytes ensionaI ’ arra Y would re¬ 
today's standards. ora ge—large even by 


Example 

two-dimensional array to hold ihe ^ USe th ‘ S 
perature for each day f n °° nt ‘ me tem " 

month. y * year ' 8 rou ped by 

float yeartemp[12][3i] ; 

In the same vein, the following proeram „ u 
used to keep track of the numbefof poL*scoJ>d 
per quarter by each member of a basketball team, 
♦include "stdio.h" 

main ( ) 

' • i T* Au 


{ 


int bball [5] [4] ; 
int i, j ; 


for(i=0; i<4; i++) 
for(j-0; j <5; j + + ) { 


Scanned by CamScanner 


168 Teach Yourself C 


printf("Quarter %d, player %d, "/ i+1/ j + l); 

p r intf("enter number of points: )/ 
scanf("%d"/ &bball[i](j )) > 


/* display results */ 
for (i=0; i<4; i+ 4 ) 
for(j=0; j<5; j++) 1 

printf ('.'Quarter %d, player Id, ”, i + i/ H + 
printf("%d\n”, bball [i] [ jj) ; 

} 

} 

Exercises 

1. Write a program that defines a 3x3x3 three-dimen¬ 
sional array, and load it with the numbers 1 to 27. 

2. Have the program from the first exercise display the 
sum of its elements. 

5.4 INITIALIZE ARRAYS _ 

Lihe other types of variables, you can give the elements 
of arrays initial values. This is accomplished by speci¬ 
fying a list of values the array elements will have. The 
general form of array initialization for one- dimensional 
arrays is shown here: 


type array-name[size] = { value-list }; 


Tne ZTikiC-lisi isa ccmma-separated list of constants that 
ar „ type compatible with the base type of the array. The 
| llS( constant will be placed in the first position of the 
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amy, the sec°n d constant in the second position, and 
so on. Note that a semicolon follows the}. In the follow- 
mg example, a five-element integer array is initialized 
with the squares of the numbers 1 through 5. 

int i[5] = {l, 4, 9, 16, 25); 

This means that i[0] will have the value 1 and i[4] will 
have the value 25. 

You can initialize character arrays two ways] First 
if the array is not holding a null-terminated string, you 
Simply specuy each character using a comma-separa led 
hst. For example, this initializes a with the letters 'A ' 


chair ft f 3 ] -- {^A 7 ^ 


'B', 'C'}; 


initiaHz h pTr ter array ^ 8 ° ing ‘° 1,0113 3 Strin 8' Y° u «n 
i- itiahze the array using a quoted string, as shown here. 


char name[5] = "Herb"; 

Notice that no curly braces surround the string. They 
sfon" nT" * mitialization. fecause 

that thp mU W “ h 3 nU “' y ° U mU5t make sure 

null Th ray u° U declare 1S Long enough t0 include the 
"Herh" 1SIS W , y name ls 5 characters long, even though 
Herb is only 4. When a string constant is used, the 

u w, Cal ‘ y SU PP lies the nul1 terminator. 

Multidimensional arrays are initialized in the same 

y as one-dimensional ones. For example, here the 
roworder 3 WUh ,he va,UCS 1 * using 
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int sqr[3][3] 

2 , 2 , 3 / 

4, 5, 6, 

7, 8, 9 

); 


This initialization causes sqrfOHO] to have the value 1, 
sqr[0][l] to contain 2, sqr[0H2] to hold j, and so or 
% you are initializing a one-dimensional array, you 
need not specify the size of the array-simply P^t noth¬ 
ing inside the square brackets. It you don't speedy the 
size, the compiler simply counts the number of initial¬ 
ization constants and uses that value as t e sue o 
array. For example, 

r , ,, 5 4 q 16, 32, 64, 12 8}; 

int pwr[] = (1, XD ' ' 


causes the compiler to create an initialized array eight 
elements long. Arrays that don't have their dimensions 
explicitly specified are called unsized arrays. An unsized 
array is useful because it is easier for you to change the 
size of the initialization list without having to count it 
and then change the array dimension. This helps avoid 
counting errors on long lists, which is especially impor¬ 
tant when initializing strings. ; Here, an unsized array is 
used to hold a prompting message. 


char prompt[] = "Enter your name: 


If, at a later date, you wanted to change the prompt to 
''Enter your last name: ", you would not have to count 
the characters and then change the array size. 
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Unsized array initializations are not restricted to 
only singly- dimensioned arrays. For multidimensional 
arrays you must specify all but the leftmost dimensions 
to allow C to index the array properly. In this way you 
may build tables of varying lengths with the compiler 
allocating enough storage for them automatically. For 
example, the declaration of sqr as an unsized array is 
shown here. 

int sqr[][3] = { 

1# 2, 3, 

4, 5, 6, 

7, 8, 9 

) ; 

The advantage to this declaration over the sized version 
• is that tables may be lengthened or shortened without 
changing the array dimensions. 

Special note: Some compilers will not allow you to 
initialize an,array within a function. For this reason, all 
initialized arrays are global variables in the examples. 
However, if your compiler allows locally initialized 
arrays, you should feel free to use them. 

Examples 

1. A common use of an initialized array is to create a 
lookup table. For example, in this program a 5x2 
two-dimensional array is initialized so that the first 
element in each row is the number of a CPU, and the 
second element contains its average speed rating. 
The program allows a user to enter the number of a 
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prtKVSSor, then it looks il up in the table and reports 
iba\vrafjc»spoed. 

(fine ndo "Mtdio. h" 

long epu f 5J [2] “ ( 


8008/ 

4, 

U 0*8 6, 

4/ 

MU, Hb, 

10, 

HO 30 6, 

20, 

0 ‘ 1 '6 

40 


maxn( ) 

4 

long processor; 
int i; 

prir.tf ("Enter the number of the processor: "); 

■canf ("I’d", ^processor); 

/• look it up in the table */ 
tor(i~0; i<5 ; i++) 

'f(processor •* cpu[i][0]) { 

p r i n t £ ("Ave rage speed i 3 %d mhz . \ n ", epu ( i ] [ 1 ]) > 

break, 
t 

report error if not fount* */ 

* . f>) pnntf ("Processor not found.\n") ; 

I ' on though an array has been given an initial 
value, its contents may be changed. For example, 

Jus program prints hello on the screen. 

♦re e u "3tdio.h" 

’ 1 " • ring.h" 

n\. '.it ( ) 

( 

enur strlBQj - .. x like c „ ; 
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strcpy(str, "hello"); 
printf(str) ; 

1 

As this program illustrates, in no way does an initial¬ 
ization fix the contents of an array. 


Exercises 

1. Is this fragment correct? 

t\ o 

int balance[] = 10.0, 122.23, 100.0; 

2. Is this fragment correct? 

♦include "stdio.h" 

♦include "string.h" 

main( ) 

t ' A / ' 

i ‘ r~ 

char name[] = "Tom"; 

i 

strcpy (name, "Tom Brazwell") ; 

3. Write a program that initializes a 10x3 array so that 
the first element of each row contains a number, the 
second element contains its square, and the third 
element contains its cube. Start with 1 and stop at 
10. For example, the first few rows will look like this: 

1,1,1, 

2,4,8, 

3,9, 27, 

4,16,64, 
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Next, prompt the user for a cube, look up (his value in 
the table, and report the cube's root and the root s 

square 

^ ^ BUILD ARRAYS OF STRINGS _ 

Arrays of strings, often called string tables , are very 
common in C programming. A two-dimensional string 
table is created like any other two-dimensional array. 
However, the way you think about it will be slightly 
different. For example, here is a small string table. What 
do you think it defines? 

char names[10][40]; 

This statement specifies a table that can contain 10 
strings, each up to 40 characters long (including the null 
terminator). To access a string within this table, specify 
only the first index. For example, to read a string from 
the keyboard into the third string in names, use this 
statement. 

gets(names[2]); 

Bv the same token, to output the first string, use this 
printf() statement. 

printf(names 10J) ; 

The declaration that follows creates a three-dimen- 
sional table with three lists of strings. Each list is five 
strings long, and each string can hold 80 characters. 
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char animals [3] [5] [80]; 


To access a specific string in this situation, you must 
specify the first two dimensions. For example, to access 
the second string in the third list, specify animals[2][l]. 


Examples 

1. This program lets you enter ten strings, then lets you 
display them, one at a time, in any order you choose. 

To stop the program, enter a negative number. 

#include "stdio.h" 

main( ) 

{ 

. char text[10] [80]; 

'1 int i; 

for(i=0; i<10; i++) { 

; printf("%d: ", i+1) ; 
gets(text[i]); 

} 

do { 

printf("Enter number of string (1-10): "); 
scanf("%d", &i); 

i—; /* adjust value to match array index */ 
if(i>=0 && i) printf("%s\n", text[i]); 

} while(i>=0); 

} 

2. You can initialize a string table as you would any 
other type of array. For example, the following pro¬ 
gram uses an initialized string table to translate 
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between German and English. Notice that curly 
braces are needed to surround the list. The only time 
they are not needed is when a single string is being 

initialized. 

/* English - to~German Translator. */ 

♦include "stdio.h" 

♦include "string.h" 

char words[][ 2 ][ 40 ] = ( 

"dog", "Hund", 

"no", "nein", 

"year”, "Jahr", 

"child", "Kind", 

"I", "Ich", 

"drive", "fahren", 

"house", "Haus", 

"to", "zu", 

99 99 99 99 

/ 


main( ) 

{ 

char english[80]; , 

int i," 

printf("Enter English word: "); 
gets(english); 

/* look up the word */ 
i ■ 0; 

/* sea rch while null string not yet encountered */ 

while (strcmp(words[i] [ 0 ] , "")) { 

if dstremp(english, words [i][0])) ( 

printf("German trarsiation : %s", words[ i ][ 1]1 ; 
break; 

) 

i++; 

1 
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if(!strcmp(words [i][ 0 ], "")) 

printf("Not in dietionary\n"); 

• ) 

3. You can access the individual characters that com¬ 
prise a string within a string table by using the 
rightmost index. For example, the following pro¬ 
gram prints the strings in the table one character at 
a time. 

#include "stdio.h" 

v.- 

char text[][80].= { 

"When", "in", "the", 

"course", "of", "human", 

"events", "" 

); 

main( ) 

{ 

int i, j; 

0 

/* now, display them */ 
for(i=0; text[i][0]; i + + ) { 
for (j = 0; text[i] [j]; j + + ) 
printf("%c", text[i][j]); 
printf(" "); 

} 


Exercise 

1. Write a program that creates a string table contain¬ 
ing the English words for the numbers 0 through 9. 
Using this table, allow the user to enter a digit and 
then have your program display the word equiva- 
len t. (Hint: to obtain an index into the table, subtract 
0 from the character entered, i.e.,.). 
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EXERCISE . 


At this oir 1 you should be able to perforin these exer- 
cisfsrr a .swer these questions. 

1. Wiiat is an array? 

2. G ; ven the array 

inV cou .[10]; 

Will this statement generate an error message? 

for(i-0; i<20; i++) countfi] = i: 

3. In statistics, the mode of a group of numbers is the 
one that occurs the most often. For example, given 
the list 1,2,3,6,4,7,5,4,6,9,4, the mode is 4, because 
it occurs three times. Write a program that allows 
the user to enter a list of 20 numbers and then finds 

and displays the mode. 

4. Show how to initialize an integer array called items 
with the values 1 through 10. 

5. Write a program that repeatedly .reads strings from 
the keyboard until the user enters quit. 

6. Write a program that acts like an electronic dictio 

nary. If the user enters a word in the dictionary, the 
program displays its meaning. Use a three-dimen¬ 
sional character array to hold the words and their 
meanings. 4 


MASTERY 
SKILLS CHECK 


V 


EXERCISES 


This section checks how well you have integrated the INTEGRATE' 
material in this chapter with that from earlier chanters. c ^ccK 


V 
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1. Write a program that inputs strings from the user. If 
the string is less than 80 characters long, pad it with 
periods. Print out the string to verify that you have 
correctly lengthened the string. 

2. Write a program that inputs a string and then en¬ 
codes it by alternately taking characters off of each 
end, starting with the left side, and stopping when 
the middle of the string has been reached. For exam¬ 
ple, the string "Hi there" would be "Heir eth". 

3. Write a program that counts the number of spaces, 
commas, and periods in a string. Use a switch to 
categorize the characters. 

4. What is wrong with this fragment? 

char str[ 80 ]; 
str = getche( ); 

5. Write a program that plays a computerized version 
of Hangman. In the game of Hangman, you are 
shown the length of a magic word (using under¬ 
scores) and you try to guess what the word is by 
entering letters. Each time you enter a letter, the 
magic word is checked to see if it contains that letter. 
If it does, that letter is shown. Keep a count on the 
number of letters entered to complete the word. For 
the sake of simplicity, a player wins when the magic 
word is entirely filled by characters using 15 or 
fewer guesses. For this exercise make the magic 
word "concatenation." 
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6.1 Understand pointer basics 
6 2 Learn restrictions to pointer expressions 

6.3 Use pointers with arrays 

6.4 Use pointers to string constants 

6.5 Create arrays of pointers 

6.6 Become acquainted with mi "hole indirection 

6.7 Use poiniers as pai ..meters 
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Using Pointers 


This chapter covers one of C's most important and 
sometimes its most troublesome feature: the pointer. A 
pointer is basically the address of an object . One reason 
that pointers are so important is that much of the power 
of the C language is derived from the unique way in 
which they are implemented in C. You will learn about 
the special pointer operators, pointer arithmetic, and 
how arrays and pointers are related. Also, you will be 
introduced to using pointers as parameters to functions. 
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EXERCISES 


Before proceeding, you should be able to answer these 
questions and perform these exercises. 


SKILLS CHECK 

V 


1. Write a program that inputs 10 integers into an 
array. Then have the program display the sum of the 
even numbers and the sum of the odd numbers. 

2. Write a program that simulates a log-on to a remote 
system. The system can only be accessed if the user 
knows the password, which in this case is "Tristan." 
Give the user three tries to enter the correct pass¬ 
word. If the user succeeds, simply print log-on suc¬ 
cessful and exit. If the user fails after three attempts 
to enter the correct password, display access denied 
and exit. 


3. What is wrong with this fragment? 

'char name [1C] = "Thomas Jefferson"; , t , J> 

4. What is a null string? f' { 1 , >- 

5 . What does strcpy() do? What does strcmp( ) do? 

If f ykl-'j •' r ■ . • 

6. Write a program that creates a string table consisting 
of names and telephone numbers. Initialize the ar^ 
ray with some names of people you know and their 
phone numbers. Next, have the program request ' 
name and print the associated telephone number r, 
other words, create a computerized telephone book' 




I 
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(}.l UNDERSTAND POINTER BASICS 

L-A pointer is a variable that hol ds the memory address 
of another o bject For example, if a variable called p 
contains the address of another variable called q, then 
p is said to point to q. Therefore if q is at location 100 in 
memory, then p would have the value 100. 

To declare a pointer variable, use this general form. 

type *var-name; 

Here, type i s the base type of the pointer. The base type 
specifies the type of the object that the pointer can point 
to . Notice that the variable name is preced ed by an 
asterisk . This tells the computer that a pointer variable 
is being created. For example, the following statement 
creates a pointer to an integer. 

int *p; I 

C contains two special pointer operators: * and &. 
The & operator returns the address of the variable it 
precedesFThe * operator returns the value stored at the 
address that it precedes. (The * pointer operator has no 
relationship to the multiplication operator, which uses 
the same symbol.) For example, examine this short 
program. 

/ y 6 ^ r* 
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#include "stdio.h" 

main ( ) 

( 

int *p, q; 

q = 100; /* assign q 100 */ 

p = &q; /* assign p '■he address of q */ 

printf (" ? od", *p) ; /* display q' s value using pointer */ 
) “=■ 

This program prints 100 on the screen. Let's see why. 

First, the line 

int *p, q; 

defines two variables: p, which is declared as an integer 
pointer, and q, which is an integer. Next, q is assigned 
the”value 100. In the next line, p is assigned the address 
of q. You can verbalize the & operator as "address of." 

Therefore, this line can be read as "assign p the address 
of q." Finally, the value is displayed using the 4 operator 
applied to p. The * operator can be verbalized as "at 
address." Therefore, the printf() statement can be read 
as "print the value at address q," which is 100. 

^ J I When a varia ble's valu e i s refere nced through a 
pointer, the process is called mdircctignj 
~ It is possible to use the * operator on the left side of 
an assign ment st atement in order to assign a variable a 
new value using a pointer to it. For example, this p ro - 
gram assigns q a value indirectly using the pointer p " 
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#include ’'stdio.h" 

main ( ) 

( 

int *p # q; 

p = &q; /* get q'S address */ 

P 199, / assign q a value using a pointer */ 
printf("q's value is %d", q) ; 

) 

In the two simple example programs just shown, there 
is no reason to use a pointer. However, as you learn 
more about C, you will understand why pointers are 
important. Pointers are used to support linked lists and 
binary trees, for example. 

The base type of a pointer is very important. Al¬ 
though Callowsany_ty£e_of_pointer to point any where¬ 
in memory, it is the base type that determines haw the 
object pointed to will be treated. To understand the 
importance of this, consider the following fragment. 

int q; 
float *fp; 

fp = &q; 

/* what does this line do 7 */ 

*fp = 100.23; 

Although not syntactically incorrect, this fragment is 
wrong. The pointer fp is assigned the address of an 


Scanned by CamScanner 


186 Teach Yourself C 


integer. Thr address is then used on the le t si 
assignment statement to assign a floating-point .c 
However, ints are shorter than floats, and th>s ° 
mem statement causes memory adjacent to T 0 
overwritten. That is, assuming 2-byte ints an y 
floats, the assignment statement uses the 2 bytes a 
cated to q as well as two adjacent bytes, which wi mos 
likely be where fp s'ored, thus causing an error. 

In general, the C compiler uses the base type to 
determine how many bytes are in thejabjeci pointed to 
by the pointer This is how C knows how many bytes 
to copy when an indirect assignment is made, or hov\ 
many bytes to compare if an indirect comparison is 
made. Therefore, it is very important that you always 
use the proper base type for a pointer. Never use a 
pointer to one type to point to an object of a different 


type. 

If you attempt to use a pointer before it has been 
assigned the address of a variable, your program will 
probably crash. Remember, declaring a pointer variable 
simply creates a variable capable of holding a memory 
address. It does not give it any meaningful initial value. 
This is why the following fragment is incorrect. 


maint ) 

{ 

int *p; 


★p = 10; /* incorrect p is not pointing to 

anything */ 


As the comment notes, the pointer p is not pointing to 
any known object. Hence, trying to indirectly assign a 
value using p is meaningless and dangerous. 
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As pointers are defined in C, a pointer that contains 
a null value (0) is assumed to be unused and pointing 
at nothing. In C, 0 is, by conv ention , assumed to be an 
invalid memory address. However, the compiler will 
still let you use a null pointer, usually with disastrous 
results. 


Examples 

1. To graphically illustrate how indirection works, as¬ 
sume these declarations. 


int *p, q; 

Further assume that q is located at memory address 
102 and that p is right before it, at location 100. After 
this statement 

p = &q; 


the pointer p contains the value 102. Therefore, after 
this assignment, memory looks like this: 


Location Contents 

100 


102 


102 


unknown 


p points to q 



After the statement 

*p = 1000; 

executes, memory looks like this. 


Scanned by CamScanner 




188 Teach Yourself C 




Location Contents 
100 


102 



p points to q 


Remember, the value of p has nothing to do with the 
value xyf q. It simply holds q's address, to which the 
indirection operators may be applied. 

2. To illustrate why you must make sure that the base 
type of a pointer is the same as the object it points 
to, try this incorrect but benign program. (Some 
compilers may generate a warning message when 
you compile it, but none will issue an actual error 
message and stop compilation.) 

/* This program i^’wrong, but harmless. */ 


#incl**de "stdio.h" 

1 

0 

main ( ) 

{ 

int *p; 

float q, temp; 
temp = 1234.3 4 F; 

p = itemp; /* attempt to assign q a value */ 
q =,*p; /* using indirection through an integer 
pointer */ 


printf ("%f"/ q>; /* this will not print 1234.34 */ 
j . 

Even though p points to temp, which does, indeed, 
hold the value 1234.34, the assignment 

r 

t 
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fails to copy the number because only 2 bytes (as¬ 
suming 2-byte integers) will be transferred. Since p 
is an integer pointer, it cannot be used to transfer a 
4-byte quantity (assuming 4-byte floats). 

Exercises 

1. What is a pointer? * , ' ^ ....vrA /..u 

2. What are the pointer operators and what are their 

effects. ^ '■ ' ■ ■ 

3. Why is the base type of a pointer important? 

_ £ _..... 

4. Write a program with a for loop that counts from 0 

to 9, displaying the numbers on the screen. Print the 
numbers using a pointer. f 

f r\ LEARN RESTRICTIONS TO 
O.Z POINTER EXPRESSIONS 


In general, pointers may be used like other variables. 
However, you need to understand a few rules and 
restrictions. 

In addition to the * and & operators, therear^only 
four other operators that may be applied to pointer^ 
variables: the arithmetic operators +, ++, and - -. 
Further, you may add or subtract only integer quanti¬ 
ties. You cannot, for example, add a floating-point num¬ 
ber to a pointer. 

Pointer arithmetic differs from "normal” arithmetic 
in one very important way: it is performed relativ e to 
the base type of the pointer. Each time a pointer is 
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incremented, it will point to the next item, as defined by 
its base type, beyond the one currently pointed to. For 
example, assume that an integer pointer called p con¬ 
tains the address 200. After the statement 


P++; 


executes, p will have the value 202, assuming integers 
are two bytes long. By the same tokenjf p had been a 
float pointer (assuming 4-byte floats), then the resuF 
tant value contained in p would have been 204. 

The only pointer arithmetic that appears as "normal” 
occurs when char pointers are used. Because characters 
are one b yte long , an increment increases the pointer's 
value by one, and a decrement decreases its value by 
one. ~ - 

You may add or subtract any integer quantity you 
want to or from a pointer. For example, the following is 
a valid fragment. 

int *p 1 


p = p + 200; 


(_ 


This statement causes p to point to the 200th integer 

the one to which p was currently pointing. 

Aside from addition and subtraction of an ; . 

- - - — ---Y. 1 UI a n integer 

you may not perform any other type, of arithmef ’ 

operations—you may n ot mult iply, divide, or take h C 

modulus of a pointer. " —~- e 

It is possible to apply the increment and decre 

operators .to either the pointer itself or the object^ 
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whic h it points . However, you must be careful when 
attempting to increment the object pointed to by a 
pointer. For example, assume that p points to an integer 

that contains the value 1. What do you think the follow- 
ing statement will do? 

*p++; 

Contrary to what you might think, this statement first 
increments p and then obtains the value at the new 
location. To increment what is pointed to by a pointer, 
you must use a form like this: 

(*p)++; 

The parentheses cause the value pointed to by p to be 
incremented. 

You may compare two pointers using the relational 
operators. However, pointer comparisons only make 
sense if the pointers relate to each other—if they both 
point to the same object, for example. Shortly you will 
see an example of pointer comparisons. 

At this point you might be wondering what use 
there is for pointer arithmetic. You will shortly see, 
however, that it is one of the most valuable components 
of the C language. 

Examples 

1. You can use printf( ) to display the memory address 
contained in a pointer by using the %p format speci¬ 
fier. We can use this printf( ) capability to illustrate 
several aspects of pointer arithmetic. The following 
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program, for example, shows how all pointer arith 
metic is relative to the base type of the pointer. 

#include "gtdio.h" 

main( ) 

( 

char *cp, ch; 
int *ip, i; 
float *fp, f; 
double *dp, d; 

cp = &ch; 
ip = &i; 
fp = &f; 
dp = & d; 

• 

/* print the current values */ 

printf("%p %p %p %p\n", cp, ip, fp, dp); 

/* now increment them by one */ 

cp++; 

ip++; 

fp++; 

dp++; ' 

/* print their new values */ 

printf (t C P> iP/ fp< dp); 

) 

Although the values contained in the pointer vari¬ 
ables in this program will vary widely between 
compilers and even between versions of the same 
compiler, you will see that the address pointed to by 
ch will be incremented by one byte. The others will 
be incremented by the number of bytes in their base 
types, typically 2 for ints, 4 for floats, and 8 for 
doubles. 
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2. The following program illustrates the need for pa¬ 
rentheses when you want to increment the object 
pointed to by a pointer instead of the pointer itself. 

tinclude "stdio.h" 
main( ) 

( ' 
int *p, q; 

p = &q; 
q = 1; 

printf("%p ", p); 

*p++; /* this will not increment q */ ' 'o 

printf( "%d %p", q, p); 

) 

After this program has executed, q still has the value 
1, but p has been incremented. 

However, if the program is written like this 

tinclude "stdio.h" 

main( ) 

{ 

int *p, q; 

P = &q; 
q = i; 

printf("%p ", p); 

(*p)+ +; /* now q is incremented and p is unchanged */ 

printf("%d %p", q, p); 

) 

q is incremented to 2 and p is unchanged. 
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Exercises 

1. What is wrong with this fragment? 

int *p, i; 
p = & i; ' 

p = p * *8; 

2. Can you add a floating-point number to a pointer? 

3. Assume that p is a float pointer that currently points 
to location 100 and that floats are 4 bytes long. What 
is the value of p after this fragment has executed? 


6.3 USE POINTERS WITH ARRAYS 

In C, pointers and arrays are closely related. In fact, they 
are often interchangeable. It is this relationship between 
the two that makes their implementation both unique 
and powerful. 

When you use an array name without an index, you 
are generating a pointer to the start of the array. This is 
why no indexes are used when you read a string using 
gets(), for ejcamgleJ^/hat is being passed to gets() is 
not an an-ay, but a pointer. In fact, you cannot pass an 
array to afunction in C; youmayxinlypass a pointer to 
the array. This important point was not mentioned in 
the preceding chapter on arrays because you had not 
yet learned about pointers. However, this fact is crucial * 
to understanding the C language. The gets() function 
uses the pointer to load the array it points to with the 
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characters you enter at the keyboard. You will see how 
this is done later. 

Since an array name without an index is a pointer to 
the start of the array, it stands to reason that you can 
assign that value to another pointer and access the array 
using pointer arithmetic. And, in fact, this is exactly 
what you can do. Consider this program. 


^include "stdio.h" 


int a[10] 

main( ) 

{ 

int *p; 


(1/ 2, 3, 4, 5, 6, 7, 8, 9,10}; 


P a; /* assign p the address of start of a */ 

/ this prints a's first, second and third elements */ 
printf("%d %d %d\n", *p, *(p+1), *(p+2)); 


/* this does the same thing using a */ 
printf("%d %d %d", a [ 0], a[1], a[2]); 

} 

Here, both printff) statements display the same thing. 
The parentheses in expressions such as *(p+2) are nec¬ 
essary because^the * has a higher precedence than the + 
operator. 

Now you should be able to fully understand why 
pointer arithmetic is done relative to the base type—it 
allows arrays and pointers to relate to each other. 

To use a pointer to access multidimensional arrays, 
you must manually do what the compiler does auto¬ 
matically. For Example, in this array 


float balance[10] [5]; 
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each row is five elements long- Therefore, to access 
balance[3][l] using a pointer, (assume p is a float point¬ 
er) you must use a fragment like this: 

*(p + (3*5) + 1) 

To reach the desired element, you must multiply the 
row number by the number of elements in the row and 
then add the number of the element within the row. 
/Generally, with multidimensional arrays it is easier to 
use array indexing rather than pointer arithmetic. 

Pointers and arrays are linked by more than the fact 
that by using pointer arithmetic you can access array 
elements. You might be surprised to learn that you can 
index a pointer as if it were an array. The following 
program, for example, is perfectly valid. 

finclude "stdio.h" 

char str[] = "Pointers are fun"; 

main( ) 

{ 

char *p; 
int i; 

p = str; 

/* loop until null is found */ 
for(i=0; p[i]; i ++ ) 
printf("%c", p[i])/ 


Keep one point firmly in mind: you should only index 
a pointer when that pointer p oints to an array/ ;WhiIe 
the following fragment is syntactically correct, it is 
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wrong; if you fried lo 
crash your computer. 


execute it, you would probably 


char *p, ch; 
int i; 


p &ch; /* wrong */ 
for(i=0; i<10; i++) p[i] = 

Since ch is not an array, it cannot be meaningfully 

Although you can index a pointer as if it were an 
array, you will seldom want to do this. The reason is 
that, in general, using pointer arithmetic is faster than 
using array indexing. For somewhat complex reasons, 
a C compiler will generally create faster executable code 
for an expression such as 

* (p+3) 


than it will for the comparable array index 
P [3] 

Because an array name without an index is a pointer 
to the start of the array, you can, if you choose, use 
pointer arithmetic rather than array indexing to access 
elements of the array. For example, this program is 
perfectly valid and prints c on the screen. 

♦include "stdio.h" 

main( ) 

{ 

char str [80]; 
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* (St l- 43) - ' c' ; 

printf ("%c", Mstr+3)); 

) 

You cannot, however, modify the value of the pointer 
generated by using an array name. For example, assum¬ 
ing the previous program, this is an invalid statement. 

st r++; 

The pointer that is generated by strm,ust be thought of 
as a constant that always points to the start of the array. 
Therefore, it is invalid to modify it and the compiler will 
report an error. 

Examples 

1. Two of C's library functions, toupperf) and 
tolower(), are called using a character argument. In 
the case of toupperf), if the character is a lowercase 
letter, the uppercase equivalent is returned; other¬ 
wise the character is returned unchanged. For 
tolowerf), if the character is an uppercase letter, the 
lowercase equivalent is returned; otherwise the 
character is returned unchanged. These functions 
use the header file CTYPE.H. The following pro¬ 
gram requests a string from the user and then prints 
the string, first in uppercase letters and then in 
lowercase. This version uses array indexing to ac¬ 
cess the characters in the string so they can be con¬ 
verted into the appropriate case. 

((include "ctype.h" 

((include "stdio.h" 

main ( ) 
t 
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char str[ 80 ]; 
int i; 


Printf("Enter a string: ") 
gets(str); 


for(i=0; 
str[i] 


str [i]; i++) 

= toupper(str[i]); 


Print f ( °s\n", str); /* uppercase string */ 

for(i=0; str[i]; i+ +) 

str[i] = tolower(str[i]) ; 


^ printf( -6s\n", str); /* lowercase string */ 

The same program is shown below, only this time, 
a pointer is used to access the string. This second 
approach is the way you would see this program 
written by professional C programmers because in¬ 
crementing a pointer is generally faster than index¬ 
ing an array. 

#include "ctype.h" 

#include "stdio.h" 


main( ) 

{ 

char str[80], *p; 

printf("Enter a string: ") ; 
gets(str); 
p = str; 


while(*p) ( 

*p = toupper(*p) ; 
P++; 

1 


printf("%s\n", str); /* uppercase string */ 
P = str; /* reset p */. 
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while(*p) { 

*p = tolower(*p); 
p++; 

) 

printf ("%s\n", str); /* lowercase string */ 

} 

Before leaving this example, a small digression 
is in order. The routine 

while(*p) { 

*p = toupper(*p); g 

p++; 

) 

will generally be written like this by experienced 
programmers 

while(*p) 

*p++ = toupper(*p); 

Because the ++ follows the p, the value pointed to 
by p is first obtained and then p is incremented to 
point to the i ext element. Since this is the way C 
code is often written, this book will use the more 
compact form from time to time when it seems 
appropriate. 

"2. Remember tha t, al though most of the examples ha ve 
been incrementing pointers, you can decrement a 
pointer as well. For example, the following program 
uses a pointer to copy the contents of one string into 
another in reversed order. 

#include "stdio.h” 

#include "string.h" 

char strl[1 = "Pointers are fun to use"; 
main( ) 
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{ 

char str2[80), * p i, * p2; 

'* make p point to end of strl */ 
pl = strl + strlen (strl) -* i; 

p2 = str2; 
while(pl >= strl) 

*p2++ = ★pi—; 

/* null terminate str2 ★/ 

★p2 = '\0'; 

printf ("%s %s”, strl, str2); 

) 

This program works by setting pl to point to the end 
of strl, and p2 to the start of str2. It then copies the 
contents of strl into str2 in reverse order. Notice the 
pointer comparison in the while loop. It is used to 
stop the copying process when the start of strl is. 
reached. 

Also, notice the use of the compacted forms 
*p2++ and *pl—. The loop is the equivalent of this 
one. 

while(pl >= strl) { 

★p2 = *pl; 
pl--; 

p2++; 

} 

Again, it is important for you to become familar with 
the compact form of this type of operation. 


Exercises 

1. Is this fragment correct? 
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int count [10] ; 


count = count + 2; 

2. What value does this fragment display? 

int temp[5] = {10, 19, 23, 8, 9); 
int *p; 

V 

p = temp; 

printf(”%d", *(p+3)); 

3. Write a program that inputs a string. Then have the 
program look for the first space. If it finds one, print 
the remainder of the string. 

/; A USE POINTERS TO STRING 
0.4 CONSTANTS 


As you know, C allows string constants enclosed be¬ 
tween double quotes to be used in a program. When the 
compiler encounters such a string, it stores it in the 
program's string table and generates a pointer to the 
string. For this reason, the following program is correct 
and prints one two three on the screen. 


#include "stdio.h" 

main( ) 

{ 

char *p; 

p = "one two three"; 
printf(p )• 

} 
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Let's see how this program works. First, p is declared 
as a character pointer. This means that it may point to 
an array of characters. When the compiler compiles the 
line 

p = "one two three"; 

it stores the string in the program's string table and 
assigns to p the address of the string in the table. There¬ 
fore, when p is used in the printf() statement, one two 
three is displayed on the screen. 

This program can be written more efficiently, as 
shown here. 

#include "stdio.h" 

char *p = "one two three"; 

main{ ) 

{ 

printf(p); 

1 

Here, p is initialized to point to the string. 

Examples 

1. This program continues to read strings until you 
enter stop. 

♦include "stdio.h" 

♦include "string.h" 

char *p = "stop"; 

main( ) 
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{ 

char str [80] ; 

do { 

printf("Enter a string: "); 
gets(str); 

} while (st rernp (p, str)); 

) 

2. Using pointers to string constants can be very help¬ 
ful when those constants are quite long. For exam¬ 
ple, suppose that you had a program that at various 
different points would prompt the user to insert a 
diskette into drive A. To save youself some typing, 
you might elect to initialize a pointer to the string 
and then simply use the pointer when the message 
needed to be displayed; for example: 

char *p =~"Insert disk into drive A, then press ENTER"; 


printf (p); 


printf(p); 

Another advantage to this approach is that to change 
the prompt, you only need to change it once, and all 
references to it will reflect the change. 

Exercise 

1 Write a program that creates three character point¬ 
ers and initialize them so thatone points to thestring 
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"one", the second to the string "two", and the third 
to the string "three". Next, have the program print 
all 6 permutations of these three strings. (For exam¬ 
ple, one permutation is "one two three", another is 
"two one three". 

5.5 CREATE ARRAYS OF POINTERS 

Pointers may be arrayed like any other data type. For 
example, the following statement declares an integer 
pointer array that has 20 elements. 

int *pa [20] ; 

The address of an integer variable called myvar is as¬ 
signed to the ninth element of the array as follows: 

pa [8] = Smyvar; 

Because pa is an array of pointers, the only value that 
the array elements may hold are the addresses of integer 
variables. To assign the integer pointed to by the third 
element of pa the value 100, use the statement: 

*pa [2] =. 100; 

Examples 

1. Probably the single most common use of arrays of 
pointers is to create string tables in much the same 
way that unsized arrays were used in the previous 
chapter. For example, this function displays an error 
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message based upon the value of its parameter 
err__num. 

char *p[] = { 

"Input exceeds field width", 

"Out of range", 

"Printer not turned on", 

"Paper out”, 

"Disk full", 

"Disk write error" 

}; 

error(int err_num) 

( 

printf(p[err_num]) ; 

} 

2. The following program uses a two-dimensional ar¬ 
ray of pointers to create a string table that links apple 
varieties with their colors. To use the program, enter 
the name of the apple, and the program will tell you 
its color. 

#include "stdio.h" 

^include "string.h" 

char *p[] [ 2 ] = { 

"Red Delicious", "red", 

"Golden Delicious", "yellow", 

"Winesap", "red", 

"Gala", "reddish orange", 

"Lodi", "green", 

"Mutsu", "yellow", 

"Cortland", "red", 

"Jonathan", "red", 

.... /* terminate the table with i 

. nul1 strings */ 


main ( ) 

( 

int i; 

char apple [80] ; 
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printf ("enter name of apple- •') 
gets (apple),; 


for(i=0; *p[i] [0 ] ; i++) ( 

if ( '.strcmp (apple, p [i] [0] ) ) 
Printf("%s is %s\n", apple, 


P[i][1]) ; 


Look carefully at the condition controlling the for 
loop. The expression *p[i][0] gets the value of the 
. first byte of the ith string. Since the list is terminated 
by null strings, this value will be 0 (false) when the 
end of the table is reached. In all other cases it will 
be non-0, and the loop will repeat. 

Exercise 

1. In this exercise, you will create an "executive deci¬ 
sion aid." This is a program that answers yes, no, or 
maybe to a question entered at the keyboard. To 
create this program use an array of character point¬ 
ers and initialize them to point to these three strings: 
"Yes", "No", and "Maybe. Rephrase the question". 
Next, input the user's question and find the length 
of the string. Next, use this formula to compute an 
index into the pointer array: 


index = length % 3 


r s BECOME ACQUAINTED WITH 
0.0 MULTIPLE INDIRECTION 


It is possible in C to have a pointer point to another 
pointer. This is called multiple indirection (see Figure 
6-1). When a pointer points-to another pointer, the first 
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to pointer 


FIGURE 6-1. Multiple indirection 


pointer contains the address of the second pointer, 
which points to the location containing the object. 

To declare a pointer to a pointer an additional aster¬ 
isk is placed in front of the pointer's name. For example, 
this declaration tells the compiler that mp is a pointer 
to a character pointer. 

char **mp; 

It is important to understand that mp is not a pointer to 
a character, but rather a pointer to a character pointer. 

Accessing the farget-traftfe indirectly pointed to by 
a pointer to a pointer requires that the asterisk operator 
be applied twice. For example, 

char **mp, *pt c ^' 

p = &ch; /* get address of ch */ 
mp = &p; /* get address of p */ 

. 'A'/ /* assign ch the value A using 
P multiple indirection */ 
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As the comments suggest, ch is assigned a value indi¬ 
rectly by using two pointers. 

Multiple indirection is not limited to merely "a 
pointer to a pointer." You can apply the * as often as 
needed. However, multiple indirection beyond a point¬ 
er to a pointer is very difficult to follow and is not 
recommended. 

You may not see the need for multiple indirection at 
this time, but as you learn more about C, you will see 
some examples in which it is very valuable. 

Examples 

1. The following program assigns val a value using 
multiple indirection. It first displays the value di¬ 
rectly, then through the use of multiple indirection. 

#include "stdio.h" 

main( ) 

{ 

float *fp, **mfp, val; 

fp = &val; 
mfp = &fp; 

**mfp = 123.903; 

printf("%f %f", val, **mfp); 

1 

2. This program shows how you can input a string 
using gets() by using a pointer to a pointer to the 
string. 

#include "stdio.h" 

main ( ) 

( 

char *p, **mp, str[80]; 
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p = Str; 
mp = &p; 

printf("Enter your name: ") ; 
gets(*mp)/ 

p'rintf (',’Hi %s", *mp) ; 

) 

Notice that when mp is used as an argument to both 
gets() and printf(), only one * is used. This is be¬ 
cause both of these functions require a pointer to a 
string for their operation. Remember, **mp is a 
pointer to p. However, p is a pointer to the string str. 
Therefore, *mp is a pointer to str. If you are a little 
confused, don't worry. Over time, you will develop 
a clearer concept of pointers to pointers. 


Exercise 


1. To help you understand multiple indirection better, 
write a program that assigns an integer a value using 
a pointer to a pointer. Before the program ends, 
display the addresses of the integer variable, the 
pointer, and the pointer to the pointer. (Remember, 
use %p to display a pointer value.) 



USE POINTERS AS. _ — - 
PARAMETERS 


Pointers may be passed to functions. For example, when 
you call a function like strlen() with the name of a 
string, you are actually passing a pointer to a function. 
When you pass a pointer to a function, the function 
must be declared as recei ving a pointer of the same type. 
In the case of strlen( ), this is a character pointer. A 
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complete discussion of using pointers as parameters is 
presented in the next chapter. However, some basic 
concepts are discussed here. 

When you pass a pointer to a function, the code 
inside that; function has access to the variable pointed 
to by the parameter. This means that the function can 
change the variable used to call the function. This is why 
functions like strepyf), for example, can work. Because 
it is passed pointers, the function is able to modify the 
array that receives the string. 

This is why you need to precede a variable's name 
with an & when using scanf(). In order for scanf() to 
modify the value of one of its arguments, it must be 
passed a pointer to that argument. 


Examples 

* 

1. Another of C's standard library functions is called 
puts(); it writes its string argument to the screen 
followed by a newline. The program that follows 
creates its own version of puts() called myputsf). 

#include " 3 tdio.h" 

main( ) 

{ 

myputs("this i3 a te3t”); 

) 

myputs(char *p) 

while (*p) ( /* a 3 long as p does not point to the 

null, which terminates the string */ 

printf("%c", *p) ; 

p++ ; ,./* go to next character */ 

) 

printf("\n")/ 

) 

i 
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This program illustrates a very important point that 
was mentioned earlier in this chapter. When the 
compiler encounters a string constant, it places it 
into the program's string table and generates a 
pointer to it. Therefore, the myputs() function is 
actuallv called with a character pointer, and the 
parameter p must be declared as a character pointer 
in order to receive it. 

2. The following program shows one way to imple¬ 
ment the strcpy() function, called mystrcpy(). 


main( ) 

{ 

char scrfSOj; 

mystrcpy(str, "this is a test"); 
printf (str) ; 

1 

) 

mystrcpy(char *to, char *from) 

{ 

while( x f rom) *to++ = 'fron+r; 

*to = '\ 0 '; /* null terminates the string */ 


Exercises 

1. Write your own version of strcat() called mystrcat( 
), and write a short program that demonstrates it. 

2. Write a program that passes a pointer to an integer 
variable to a function. Inside that function, assign 
the variable the value -1. After the functon has 
returned, demonstrate that the variable does, in¬ 
deed, contain - 1 by printing its value. 
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EXERCISES 


At this point you should be able to perform these exer¬ 
cises and answer these questions. 

1. Show how to declare a pointer to a double. 

2. Write a program that assigns a value to a variable 
indirectly by using a pointer to that variable. 

3. Is this fragment correct? If not, why not. 

main ( ) 

{ 

char *p; 

printf("Enter a string: "); 
gets(p); 

) 

4. How do pointers and arrays relate to each other? 

5. Given this fragment: 
char *p, str [80] = "this is a test"; 

p = str; 

show two ways to access thein "this." 

6. Assume that p is declared as a pointer to a double 
and contains the address 100. Further, assume that 
doubles are 8 bytes long. After p is incremented, 
what will its value be? 


MASTERY 
SKILLS CHECK 


V 


EXERCISES __ 

This section checks how well you have integrated the 
material in this chapter with that.from earlier chapters. 


INTEGRATING 
NEW SKILLS 
CHECK 
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1. What is the advantage of using pointers over array 
indexing? 

2. Below is a program that counts the number of spaces 
in a string entered by the user. Show how you can 
make this program more efficient. 

tinclude "stdio.h" 

main( ) 

( 

char str[80] ; 
int i, spaces; 

printf("Enter a string: "); 
gets (str) ; 

spaces = 0; 

for (i=0; str[i]; i++) 

if(str[i]==' ') spaces++; 

print f ("Number of spaces: •od", spaces); 

} 

3. Rewrite the following array reference using pointer 
arithmetic. 

int count [ 100][ 10]; 
count [44] [ 8 ] ; 
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A Closer Look 
at Functions 

/ *. 

At the very foundation of C is the function. As you 

know, all action statements must appear within a func¬ 
tion. This chapter takes a close look at several important 
aspects of functions. 
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EXERCISES 


Before proceeding you should be able to answer these skills check 
questions and perform these exercises. 

1. What does this fragment do? 
int i, *p; 

P - &i; 

*p - 19; 

2. What is generated when you use an array name 
without an index? 

3. Is this fragment correct? If it is correct, explain why 
it works. 

char *p - "this is a string”; 

4. Write a short program that assigns a floating-point 
value to a variable indirectly using a pointer to the 
variable. 

I 

5. Write your own version of strlenf) (call it mystrlen()) 
and demonstrate it in a program. 

6. Is this fragment correct? If it is, what does the pro¬ 
gram display? v 

char str [8]; 

Strcpy (3t r, "ABCDEFG") ; 
printf(”%c ”, * (str+2 )); 
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i rj -i CREATE FUNCTIONS 
/ • 1 THAT RETURN VALUES 


Up to this point, we have only been working with 
functions that either did not return a value or returned 
an integer value. However, a function may return any 
type of data. In Chapter 1 you were introduced to a 
specific form of a function. Here is the general form of 
a C function. 

type function-name(parameter-list ) 

{ 

statements 

} 

Here, type specifies the return type of a function. A 
function can return any type of data except an array. If 
no data type specifier is present, then the C compiler 
automatically assumes that the function is returning an 
integer. In other words, int is the default type when no 
type specifier is present. This is why we have not had 
to use explicit type declarations on functions we wrote 
earlier in this book. However, when a function returns 
a type other than int, it must be explicitly declared. This 
function, for example, returns a double. 

/* Compute the volume of a cube. */ 

double volume (double si, double s2’, double s3) 

1 

return si * s2 * s3; 

1 


Scanned by CamScanner 


220 Teach Yourself C 


Before you can use a function that returns a noninte¬ 
ger value, you need to inform the compiler about its 
return type. If you don't, the compiler will generate 
code with the assumption that an integer is being re¬ 
turned. There are two ways to inform the compiler 
about the return type of a function: the traditional meth¬ 
od and the function-prototype method. Let's begin with 
the traditional method. Function prototypes will be 
covered in the next section. 

The traditional method of informing the compiler 
about the return type of a function is to specify, near the 
top of your program, the type and name of the function 
followed by opening and closing parentheses and a 
semicolon. For example, this statement 

double volume( ); 

tells the compiler that volume!) will be returning a 
double. The following program uses volume!). Notice 
where the function is declared. 

#include "stdio.h" 

double volume( ); /* tell the compiler about volume( ) */ 

main( ) 

( 

double vol; 

vol = volume(12.2, 5.67, 9.03); 
printf("Volume: %ld”, vol); 

) 

/* Compute the volume of a cube..*/ 

double volume(double si, double s2, double s3) 

{ 

return si * s2 * s3; 
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If a function does not return a value and your com¬ 
piler is compatible with the ANSI C standard, you can 
declare the function as void. This tells the compiler that 
the function does not return a value and prevents its use 
on the right side of an assignment statement. The fol¬ 
lowing program uses a void function. 

^include "stdio.h" 

void message( ); 

main ( ) 

{ 

message ( ); 

) 

void message( ) 

1 

printf("This is a message"); 

) 

The main() function may return an integer value to 
the operating system. This return value is generally 
interpreted as a termination code. Usually, a return 
value of 0 indicates a successful termination. Any other 
value means that the program terminated because of an 
error. If you don't specify any return value, most com- 
pilers automatically return 0. Although not necessary, 
many programmers declare main() as void when no 
explicit return value is used, as will this book from this 
point on. It is not necessary to declare main () in ad¬ 
vance because it is not called by any other function in a 
program. 

Examples 

1. As you know, the standard library function sqrt() 
returns a double value. You might be wondering 
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how the compiler knows this. The answer is that 
sqrt( ) is declared as returning a double in its header 
file MATH.H. To see the importance of using the 
header file, try this program. 

#include "stdio.h" 

void main( ) 

{ 

double answer; 

answer = sqrt(9.0); 
printf("%ld", answer); 

} 

When you run this program, it displays something 
other than 3 because the compiler generates code 
that copies only two bytes (assuming two-byte inte¬ 
gers) into answer. If you include MATH.H, the pro¬ 
gram will work correctly. 

2. Quite commonly, when a function returns a charac¬ 
ter, the return type of the function is allowed to 
default to int. The, reason for this is found in the fact 
that C very cleanly handles the conversion of char¬ 
acters to integers and integers back to characters. 
There is no loss of information. For example, the 
following program is perfectly valid. 

♦include "stdio.h" 

void main( ) 

{ 

char ch; 

ch = get_a_char( ) ; 
printf("%c", ch) ; 
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get_a_char( ) 

{ 

return 'a'; 

When get_a_char( ) returns, it elevates the character 
'a' to an integer by adding a high-order byte contain¬ 
ing zeros. When this value is assigned to ch in main( ), 
the high-order byte is removed. The reason few 
programmers bother to declare functions like 
get_a_char( ) as returning a character instead of an 
int is that there is little (or, nothing) to gain. 

Exercises 

1. Write a program that creates a function, called avg(), 
that reads ten floating-point numbers entered by the 
user and returns their average. 

2. Is this program fragment correct? If not, why not? 

#include "stdio.h" 

float myfunc( ); 

void main ( ) 

{ 

double d; 

d = myfunc( ); 
printf("%ld", d); 

} 

double myfunc( ) 
l 
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^7 ^ USE FUNCTION PROTOTYPES 


The second way to inform the compiler about the return 
value of a function is to use a function prototype. A 
prototype extends the method described in the previous 
section by also declaring the number and types of tire 
function's arguments. Prototypes allow C to find and 
report any illegal’ type conversions between the type of 
arguments used to call a function and the type defini¬ 
tion of its parameters. Prototypes also enable the com¬ 
piler to report when the number of arguments to a 
function is not the same as the number of parameters 
declared in the function. 

Function prototypes wore not supported by the 
original version of C. They were added by the ANSI C 
standardization committee and are considered to be 
one of the most important additions made to the C 
language. 

The general form of a function prototype definition 
is>shown here. , 

type function-name{type parameter-namel, 

type parameter-name2,..., type parameter-nameN); 

Here is the volume-computing program developed 
in the preceding section using a function prototype. 


#include "stdio,h" 

/* this is volume's prototype */ 

double volume(double si, double s2, double s3) ; 

void main( ) 

< 

double vol; 
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vol = volume(12.2, 5.67, 9.03); 
printf("Volume: %ld", vol); 

) 

/* Compute the volume of a cube. */ 

double volume(double si, double s2, double s3) 

( 

return si * s2 * s3; 

1 

Prototyping may not seem important in programs as 
small as most of the examples in this book. However, as 
your programs become larger, prototyping will help 
you avoid errors. 

When function prototypes were added to C by the 
ANSI C standardization committee, two minor compat¬ 
ibility problems between the old version of C and the 
ANSI version of C had to be resolved relative to proto¬ 
types. The first issue was how to handle the traditional 
declaration method, which does not use an argument 
list. The ANSI standard specifies that when a function 
declaration occurs without an argument list, nothing is 
being said about the arguments to the function. This 
leads to this question: how do you prototype a function 
that takes no arguments? For example, this function 
simply outputs a line of periods. 

void line ( ) 

{ 

int i; 


for (i=0; i<80; i++) printf("."); 

} 


If you try to use this as a prototype, it won't work 
because the compiler will think that you are simply 
using the old-style declaration method. 
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void line( ); 

*' The ANSI committee resolved this problem by expand¬ 
ing the use of the void keyword. When a function has 
no parameters, its prototype uses void inside the paren¬ 
theses. For example, here is line( )'s proper prototype. 


void li*ne (void) ; 

V* ‘ 

This tells the compiler that the function has no param¬ 
eters, and any call to that function that has parameters 
is an error. However, you must make sure to also use 
void when the function is defined. For example, line() 
must look like this: 

void line(void) 

{ 

int i; 

for(i=0; i<8 0; i++) printf(".") ; 

> 

Although not necessary, for consistency reasons many 
programmers declare main() as follows: 

void main(void) 

This approach will also be used from this point forward 
in this book. However, as you shortly see, there are 
some parameters that mamQ-maytrave. 

A second issue affected by prototyping is the way it 
affects C's automatic type promotions. Because of some 
features of the environment in which C was developed, 
when a nonprototyped function is called, all characters 
are converted to integers and all floats into doubles. 
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However, these type promotions seem to violate the 
purpose of the prototype. The resolution to this prob¬ 
lem In that when a prototype exists, the types specified 
In the prototype are maintained, and no type promo¬ 
tions will occur. 

Function prototypes help you write programs more 
easily because they help ensure that the functions in 
your programs are being called with correct ypes and 
numbers of arguments. 

Now that you have learned about prototypes, this 
book will use them in all subsequent examples. Also, 
when new library functions are introduced, they will be 
shown using their prototype form. 

Examples 

1. To see how a function prototype can catch an error, 
try compiling this version of the volume program. 

ffincluda "atdio.h" 

/* thia is volume( )'s full prototype */ 
double volume(double 3l, double s2, double s3); 

void main(void) 

( 

double vol; 

vol ■ volume(12.2, 5.67, 9.03, 10.2); 
printf("Volume: %ld", vol); 

) 

/* Compute the volume of a cube. */ 

double volume(double si, double s2, double s3) 

( 

return si * s2 * s3; 

I 
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As you will see. Ibis program will not compile be¬ 
cause the compiler knows that volume() is declared 
as having only three parameters, but the program is 
attempting to call it with four parameters. 

2. When you create functions that take no parameters, 
you should use void between the parentheses, both 
in the function prototype and when the function is 
actually declared, as shown in this program. 

tfinclude "stdio.h" 

int getnum(void); 

void main(void) 

{ 

int i; 

i - getnum( ); 
printf("%d", i) ; 


getnum(void) 

( 

int x; 

printf("Enter a number: "); 
scanf("%d", fix); 
return x; 

) 


Exercises 

1. Rewrite the program from Exercise 1, Section 7.1, so 
that it uses a function prototype. 

2. Is the following program correct? If not, why not? If 
it is, can it be made better? 
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^include "stdio.h" 

double mvfunc( ); 

void main(void) 

{ 

x>rintf ("%f ", myfunc (10.2)); 

1 

double myfunc(double num) 

{ 

return num / 2.0; 

) 

73 UNDERSTAND RECURSION 

Recursion is the process by which something is defined 
in terms of itself. When applied to computer languages, 
recursion means that a function can call itself. Not all 
computer languages support recursive functions, but C 
does. A very simple example of recursion is shown in 
this program. 

tinclude "stdio.h" 

void recurse(int i) ; 

void main(void) 

{ 

recurse (0) ; 

) 

void recurse (int i) 

{ 

if (i<10) { 

recurse(i+1); 
printf("%d ", i) ; 

) 

1 
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This program prints 
98765432*1 0 

on the screen. Let's see why. 

The recurse() function is first called with 0. This is 
recurse( )'s first activation. Since 0 is less than 10, 
recurse() then calls itself with the value of i (in this case 
0) plus 1. This is the second activation of rccurse(), and 
i equals 1. This causes recurse() to be called again using 
the value 2. This process repeats until recursc() is called 
with the value 10. This causes recurse() to return. Since 
it returns to the point of its call, it will execute the printf() 
statement in its previous activation, print 9, and return. 
This, then, returns the point of its call in the previous 
activation, which causes 8 to be displayed. The process 
continues until all the calls return, and the program 
terminates. 

It is important to understand that there are not 
multiple copies of a recursive function. Instead, only 
one copy exists. When a function is called, storage for 
its parameters and local data are allocated on the stack. 
Thus, when a function is called recursively, the function 
begins executing wi th a new set of parameters and local 
variables, but the code that constitutes the function 
remains the same. 

If you think about the preceding program, you may 
note that recursion is essentially a new type of program 
control mechanism. This is why every recursive func¬ 
tion you write will have an if statement that controls 
whether the function will call itself again or return. 
Without such a statement, a recursive function will 
simply run wild, using up all the memory allocated to 
the stack and then crashing the program. 


Scanned by CamScanner 



A Closer Look at ['unctions 231 


Recursion is generally employed sparingly. How¬ 
ever, it can be quite useful in simplifying certain algo- 
- rithms. For example, the Quicksort sorting algorithm is 
difficult to implement without the use of recursion. If 
you are new to programming in general, you might find • 
yourself uncomfortable with recursion. Don't worry; as 
you became more experienced, the use of recursive 
functions will become more natural. 


Examples 

1. The recursive program described above can be al¬ 
tered to print the numbers 0 through 9 on the screen. 
To accomplish this, only the position of the printf() 
statement needs to be changed, as shown here. 

#include "stdio.h” 

void recurse(int i) ; 

void main(void) 

{ 

recurse(0); 

1 

void recurse(int i) 

{ 

if(i<l0) ( 

printf("%d ", i )> 
recurse (i+1); 

} 

) 

Because the call to printff) now precedes the recur¬ 
sive call to recurse(), the numbers are printed in 
ascending order. 
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2. The following program demonstrates how recur¬ 
sion can be used to copy one string to another. 

^include "stdio.h" 

void rcopy(char *31, char *s2); . 

void main(void) 

I 

char str(80]; 

rcopy(str, "this is a test"); 
print f(str); 

) 

/* Copy s2 to si using recursion. */ 
void rcopy(char *sl, char *s2) 

( 

if(*s2) ( /* if not at end of s2 */ 

* s 1 + + = * s 2 + + / 
rcopy(si, s2); 

} 

else *s1 = '\0'; /* null terminate the string */ 

) 

The program works by assigning the character cur¬ 
rently pointed to by s2 to the one pointed to by si, 
and then incrementing both pointers. These pointers 
are then used in a recursive call to rcopy(), until s2 
points to the null that terminates the string. 

Although this program makes an interesting ex¬ 
ample of recursion, no professional C programmer 
would actually code a function like this for one 
simple reason: efficiency. It takes more time to exe¬ 
cute a function call than it does to execute a loop 
Therefore, tasks like this will almost always be 
coded using an iterative approach. 

3. It is possible to have a program in which two or more 
functions are mutually recursive. Mutual recursion 
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occurs when one function calls another, which in 
turn calls the first. For example, study this short 
program. 

#include "stdio.h" 

void f2(int b); 
void f1(int a); 

void main(void) 

{ 

f1(30); 

) 

void fl(int a) 

( 

if(a) f2 (a-1); 
printf(”%d ", a); 

) 

void f2 (int b) 

{ 

printf (".") ; 
if (b) fl(b-l); 

) 

This program displays 

.0 2 4 6 81012 1416 18 20 22 24 26 28 30 

on the screen. Its output is caused by the way the 
two functions fl() and f2() call each other. Each 
time fl() is called, it checks to see if a is 0. If not, it 
calls f2() with a-1. The f2() function first prints a 
period and then checks to see if b is 0. If not, it calls 
fl() with b-1, and the process repeats. Eventually, 
b is 0 and the function calls start unraveling, causing 
fl() to display the numbers 0 to 30 counting by twos. 
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Exercises 

1. One of the best known examples of recursion is the 
recursive version of a function that computes the 
factorial of a number. The factorial of a number is 
computed by multiplying the original number by all 
integers less than it and greater than 1. Therefore, 4 
factorial is 4 x3 x2, or 24. Write a function, called fact(), 
that uses recursion to compute the factorial of its 
integer argument. Have it return the result. Also, 
demonstrate its use in a program. 

2. What is wrong with this recursive function? 

void f( ) 

{ 

int i; 

printf ("in f ( )\n"); 

/* call f ( ) 10 time3 */ 
for (i“0; i<l0; i++) f( ); 

) 

3. Write a program that displays a string on the screen, 
one character at a time, using a recursive function. 

« 

r y a TAKE A CLOSER LOOK 
/ AT PARAMETERS 

Functions can be passed arguments in one of two ways. 

The first is called call by value. This method copies the 
value of an aigument into the formal parameter of the 
function. Therefore, changes made to the parameters of 
the subroutine have no effect on the variables used to 
call it. The second way a function can have arguments 
passed to it is call by reference. In this method, the address 
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of an argument is copied into the parameter. Inside the 
subroutine, the address is used to access the actual 
argument used in the call. This means that changes 
made to the parameter will affect the variable used to 
call the routine. 

By default, C uses call by value to pass arguments. 

This means, in general, that you cannot alter the vari¬ 
ables used to call the function. What occurs inside the 
function will have no effect on the variable used in the 
call. However, as you saw in Chapter 6, it is possible to 
cause a call by reference by passing a pointer to an 
argument. Since this causes the address of the argument 
to be passed to the function, it then is possible to change 
the value of the argument outside the function. 

The classic example of a call-by-reference function 
is swap(), shown here. It exchanges the value of its two 
integer arguments. 

iinclude "stdio.h" 

void swap(int *i, int *j); 

void main(void) 

( 

int numl, num2; 

numl “ 100; 
num2 = 800; 

printf("numl: %d num2: %d\n", numl, num2); 
swapt&numl, &num2); 

printf("numl; %d num2: %d\n", numl, num2); 

1 

/* Exchange the values pointed to by two integer pointers. 
*/ 

void swap(int *i r int *j) 

( 

int- temp; 
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temp - *i; f » 

*i = *j; 

*j = temp; 

) 

Since pointers to the two integers are passed to the 
function, the actual values pointed to by the arguments 
are exchanged. 

As you know, when an array is used as an argument 
to a function, only the address of the array is passed, 
not a copy of the entire array, which implies call-by- 
value. This means that the parameter declaration must 
be of a compatible pointer type. There are three ways to 
declare a parameter that is to receive a pointer to an 
array. First, the parameter may be declared as an array 
of the same type and size as that used to call the func¬ 
tion. Second, it may be specified as an unsized array. 
Finally, and most commonly, it may be specified as a 
pointer to the base type of the array. The following 
program demonstrates all three methods. 

finclude "stdio.h" 

void fl (int num[5]), f2(int num[]), f3(int *num); 

void main(void) 

{ 

int count[5] = (1, 2, 3, 4, 5); 

f1(count); 
f2 (count); 
f3(count); 

) 

« , « . M « 

void fl (int num['5)j i * : . 

( 

int i; 
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for (i»0; i<5; i++) printf("%d f, num[i]>; 

) 

void f2(int num[]) 

t • 

int i; 

for(i“0; i<5; i++) printf(”%d ”, num[i)); 

1 ' 

void f3(int *num) 

l , 

int i; 

for(i=0,* i<5; i++) printf("%d ”, num[i]); 

) 

Even though each of the three methods of declaring a 
parameter that will receive a pointer to an array look 
different, they all result in a pointer parameter being 
created. 

Example 

1. Some computer languages, such as BASIC, provide 
an input function that allows you to specify a 
prompting message. C has no counterpart for this 
type of function. However, you can easily create 
one. The program shown here uses the function 
prompt( ) to display a prompting message and then • 
to read a string entered by the user. 

•include "stdio.h" 

void prompt*msg, int *num); 

void main (void) , 

* 1 ’■ ) , - • .V • 1 • * $ ■' ' • ’ 
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prompt("Enter a num: ", 4i)/ 
printf ("Your number is: %d", i)/ 

) 

void prompt(char *msg, int *num) 

( 

printf(msg); 
scanf("%d", num); 

) 

Because the parameter num is already a pointer, you 
do not need to precede it with an &. (In fact, it would 
be an error to do so.) 

Exercises 

1. Is this program correct? If not, why not? 

♦include "stdio.h" 

myfunc (int num, int min, int maoc) ; 

void main (void) 

( 

int i;* 

printf("Enter a number between 1 and 10: "); 
myfunc(4i, 1, 10); 

I 

void myfunc(int num, int min, int max) 

( 

do ( 

scanf("%d", num); 

) while(*num<min I I *num>max); 

) 

2. Write a program that creates an input function simi¬ 
lar to prompt! ) described earlier in this section. 
Have it input a string rather than an integer. 
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7 q PASS ARGUMENTS TO main() 

j Many programs allow command-line arguments to be 
specified when they are run. A command-line argument 
is the information that follows the program's name on 
the command line of the operating system. Command¬ 
line arguments are used to pass information to the 
program. For example, when you use a text editor, you 
probably specify the name of the file you want to edit- 
after the name of the word processing program. For 
example, if you use a word processor called WP, then 
this line causes the file TEST to be edited. 

WP TEST 

Here, TEST is a command-line argument. 

Your C programs may also utilize command-line 
arguments. These are passed to a C program through 
two arguments to the main() function. The parameters 
are called argc and argv. As you probably guessed, 
these parameters are optional and are not used when 
no command line arguments are being used. Let's look 
at argc and argv more closely. 

on 

at least 1 because the name of the program qualifies as 
the first argument. 

The argv parameter is an array of string pointers. 
The most common method for declaring argv is shown 
here. 

char *argv[ ]; 

The empty brackets indicate that it is an array of unde¬ 
termined length. All command-line arguments are 


The argc parameter holds the number of arguments 
the command line and is an integer. It will always be 
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passed to main() as strings. To access an individual 
string, index argv. For example, argvfO] points to the 
program's name and argv[l] points to the first argu 
ment. This program displays all the command-lme ar- 
guments that it is called with. 

♦include "stdio.h" 

• , 

void mainfint arge, char *argv[ ]) 

{ 

int i; 

for(i-l; i<argc; i++) print£("%s "# argv[i]); 

) 

t 

The ANSI C standard does not specify what consti¬ 
tutes a command-line argument, because operating sys¬ 
tems vary, considerably on this point. However, the 
most common convention is as follows: Each com¬ 
mand-line argument must be separated by a space or a 
tab character. Commas, semicolons, and the like are not 
considered separators. For example, 

0 

This is a test 

is made up of four strings, but 


this,that,and,another 


is one string. 

If you need to pass a command*line argument that 
does, in fact, contain spaces, you must place it between 
> quotes, as shown in this example. 

"this is a test" 


Scanned by CamScanner 



A Closer Ixjok al Functions 241 


■ 


The mimes of argv and argc are arbitrary—you can 
use any names you like. 1 lowever, argc and argv have 
traditionally been used since Cs origin. It is a good idea 
to use these names so that anyone reading your pro¬ 
gram can quickly identify them as the command-line 
parameters. 

One last point: the ANSI C standard only defines the 
arge and argv parameters. However, your compiler 
may allow additional parameters to mainf). For exam¬ 
ple, most DOS-based compilers allow access to DOS's 
environmental information. Check your compiler's 
user manual. 

Examples 

1. As mentioned earlier, when you need to pass nu¬ 
meric data to a program, that data will be received 
in its string form. Your program will need to convert 
it into the proper internal format using one or an¬ 
other of C's standard library functions. The most 
common conversion functions are shown here, 
using their prototypes. 

int atol(char »otr) ; 
double a tot(char *ntr) ; 
lonr/ atoHchar tr); 

These functions use the STDLIB.H header file. The 
atol() function returns the int equivalent of its string 
argument. The atof() returns the double equivalent 
of its string argument, and the atol() returns the 
long equivalent of its string argument. If you call 
one of these functions with a string that is not a valid 
number, 0 will be returned. The following program 
demonstrates these functions. To use it, enter an 
integer, a long integer, and a floating-point number 
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on the command line. It will then redisplay them on 
the screen. 

linclude "stdio.h" 
linclude "stdlib.h" 

void main(int argc, char *argv[]) 

♦ 

’ int i; 
double d; 
long 1; 

i • atoi(argv(l]); 

1 - atol(argv(2]); 
d - atof(argv[3]); 

printf("%d %ld %lf", i, 1, d) ; 

) 

2 . This program converts ounces to pounds. To use it, 
specify the number of ounces on the command line. 

linclude "otdio.h" 
linclude "stdlib.h" 

void main(int argc, char *argv[ ]) 

{ 

double pounds; 

pounds - atof(argv[l]) / 16.0; 
printf("%If pounds", pounds); 

) 

3. ATthoOgTTthe examples up to this point haven't 
done so, you should verify, in real programs, that 
the right numbefoT command-line arguments have 
been supplied by the user prior to using one. The 
way to do this is to test the value of argc. For exam¬ 
ple, the ounces-to-pounds program can be im¬ 
proved as shown here. 
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♦include "stdio.h" 

♦include "stdlib.h" 

void main(int argc, char *argv[ ]) 

t 

double pounds; 
if(argc!=2) { 

printf("usage: CONVERT <ounces>\n"); 
printf("try again"); 

) 

else { 

pounds = atof(argv[1]) / 16.0; 
printf("%lf pounds", pounds); 

) 

) 

v—- 

This way the program will only perform a conver¬ 
sion if a command-line argument is present. (Of 
course, you may prompt the user for any missing 
information, if you choose.) 

Generally the preceding program will be written 
by a professional C programmer like this: 

♦include "stdio.h" 

♦include "stdlib.h" 

void main(int argc, char *argv[ ]) 

( 

double pounds; 
if(argc!=2) ( 

printf ("usage: CONVERT <ounces>\n"); 

printf("try again"); 

exit (1); /* stop the program */ 

) 

pounds = atof(argv[1]) J 16.0; 
printf("%lf pounds", pounds); 

) '' 
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When some condition necessary for a program's 
execution has not been met, most C programmers 
call the standard library function exit() to terminate 
the program. The exit() has this prototype 

void exitdnt return-code); 

and uses the STDLIB.H header file. When exit() 
terminates the program, it returns the value of re- 
turn-code to the operating system. By convention, 
most operating systems use a return code of 0 to 
mean that a program has terminated normally. Non- 
0 values indicate abnormal termination. 

Exercises 

1. Write a program that accepts two arguments. Have 
the program compare them and report which is 
lexicographically greater than the other. 

2. Write a program that takes two numeric arguments 
and displays their sum. 

3. Expand the program in Exercise 2 so that it takes 
three arguments. The first argument must be one of 
these words: add, subtract, multiply, or divide. 
Based on the value of the first argument, perform 
the requested operation on the remaining two nu- 
meric arguments. 


rj s' COMP ARE CLASSIC TO MODERN 
/ .O FUNCTION PARAMETER 
DECLARATIONS 



The original version of C used a different parameter 
declaration method than has been shown in Hris bodk. 
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This original declaration method is now called the clas¬ 
sic form. The form used in this book, the modern form , 
was introduced in the ANSI C standard. 

The general form of the classic parameter declara¬ 
tion is shown here. 


typefunction-name{parameterl,parameter 2 ,...parameterN ) 

type parameterl; 
type parameter 2; 


type parameterN; 

( 

function-code 

) 

Notice that the declaration is divided into two parts. 
Within the parentheses, only the names of the param- 
„ eters are specified. Outside the parentheses, the types 
and names are specified. For example, given the follow¬ 
ing modem declaration 

float f(char ch, long size, double max) 

{ 


) 


the equivalent classic declaration is 

float f(ch, size, max) 
char ch; 
long size; 
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double max; 
( 


) 

One other aspect of the classic form is that you can 
specify more than one parameter after its type. For 

example, this is perfectly valid. 

* 

myfunc(i, j, k) 
int i, j, k; 

( 


The ANSI C standard specifies that either the classic 
or the modern declaration form may be used. The rea¬ 
son for this is to maintain compatibility with older C 
programs. (There are literally millions of lines of C code 
that use the classic form.) So, if you see programs in 
books or magazines that use the classic form, don't 
worry; your compiler will be able to compile them. 
However for all new programs, you should definitely 
use the modern form. 


Example 

1. This program uses the classic declaration form. 

♦ include "stdio.h" 

» 

void main(void) 
t 

printf("area is %d", area(10, 13)); 

) 
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area(l, w) 
int 1, w; 

i 

return 1 * w; 

) 


Exercise 

1. Convert this program so that f_to_m() uses the 
classic declaration form. 

♦include "stdio.h" 

double f_to_m(double f) ; 

void main(void) 

{ 

double feet; 

printf ("Enter feet: "); 

scanf ("Ilf", &feet); 

printf("Meters: %lf", f_to_m(feet)) ; 

) 

I 

double f_to_m(double f) 

{ 

return f / 3.28; 

) 


EXERCISES 


At this point you should be able to answer these ques¬ 
tions and perform these exercises. 

1. How do you declare a function that does not return 
a value? 

2. What is a function prototype, and what are the 
benefits of it? 


mastery 

SKILLS CHECK 

V 
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3. How do command-line arguments gel passed to a C 
program? 

4. Write a program that uses a recursive function to 

display the letters of the alphabet. 

» 

5. Write a program that takes on^command-linestring 
argument. It then outputs the string in coded form. 
To code the string, add 1 to each character. 

6. What is the prototype for this function? 

double myfunc(int x, int y, char ch) 

{ 


} 

7. Show how the function in Exercise 6 would be coded 
using the classic function declaration. 

8. What does the exit() function do? 

9. What does the atoi() function do? 


EXERCISES 



This section checks how well you have integrated the integrating 
material in this chapter with that from earlier chapters, ^wskius 

f 

\i 

1. Write a program that only allows access to it if the 
user enters the correct password as a command-line 
parameter. If the user enters the right word, print 
Access permitted; otherwise print Access denied. 

2. Create a function called string_up() that transforms 
the string it is called with into uppercase characters. 
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Demonstrate its use in a program. (Hint, use the 
toupper() function to convert lowercase characters 
into uppercase.) ° ' 

a 

3. Write a function called avg() that averages a list of 
floating-point values. The function will have two 
arguments. The first is a pointer to the array contain¬ 
ing the numbers; the second is an integer value, 
which is the size of the array. Demonstrate its use in • 
a program. 

4. Explain how pointers allow C to generate a call-by¬ 
reference function call. 
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Console I/O 


In this chapter you will learn about C's console I/O 
functions. These are the functions that read or write 
information to and from the console. You have already 
been using some of these functions. However, in this 
chapter, these functions are discussed in detail. This 
chapter begins with a short but necessary digression 
that introduces another of C's preprocessor directives: 
#define. 


251 
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EXERCISES 


Bt ,f "oic proceeding, you should be able to answer these 
questions and perform these exercises. 

1. if a function is returning a type other than an integer, 
what must you do so that the compiler can compile 
code that will correctly call this function? 

2. What are the principle advantages of using function 
prototypes. 

3. Write a program that uses a function called hypotf ) 
that returns the length of the hypotenuse of a right 
triangle when passed the length of the two opposing 
sides. Have the function return a double value. The 
type of the parameters must be double as well. 
Demonstrate the function in a program. (The Pytha¬ 
gorean Theorem states that the sum of the squares 
of the two opposing sides equals the square of the 
hypotenuse.) 

4. What return type should you use for a function that 
returns no value? 

5. Write a recursive function called rstrlenf) that uses 
recursion to compute the length of a string. Demon¬ 
strate it in a program. 

6. Write a program that reports how many command 
line arguments it has been called with. Also, have it 

display the contents of the last one. " 

7. How is this declaration coded using the classic fun 
tion-declaration form? 


SKILLS CHECK 

V 


Scanned by CamScanner 



Console I/O 253 


void func(int a, char ch, double d) 
{ 


O 1 LEARN ANOTHER 
°* -*• PREPROCESSOR DIREC TIVE 

Up to this point, you have learned about and have been 
using one preprocessor directive, #include. Before you 
can learn more about C's console I/O functions, you 
need to learn about another of its preprocessor direc¬ 
tives, #define. 

As you recall, the C preprocessor performs various 
manipulations on the source code of ^our program 
before it is actually compiled. A preprocessor directive 
is simply an instruction to the preprocessor. The #de- 
fine directive is used to tell the preprocessor to substi¬ 
tute one string for another throughout your entire 
program. This process is generally referred to as macro , ') 

substihitiojuThe general form of the#define statement »’ * 
is shown here • 

, » 

Mefine macro-name string 

Notice that this line does not end in a semicolon. Each 

c 

time the macro-name is encountered in the program, the 
associated string is substituted for it. For example, con¬ 
sider this program. 
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#include "stdio.h" 

#define MAX 100 

void main(void) 

I 

int i; 

for(i=0; i<MAX/ i++) printf("%d ", i); 

) 

When the ide^ »Tier MAX is encountered by the pre¬ 
processor, the string 100 is automatically substituted. 
Thus, the for loop will actually look like this to the 
compiler. 


for(i=0; i<100; i++) printf("%d ", i) ; 

C ^ ' 

Keep one thing clearly in mind: At the time of the 
substitution, 100 is simply a string of characters com¬ 
posed of a 1 and two 0s. The preprocessor does not 
convert a number into any sort of internal format. This 
is left to the compiler. 

The macro name can be any valid C identifier. Al¬ 
though macro names can appear in either upper- or 
lowercase letters, most programmers have adopted the 
convention of using uppercase for macro names. This 
makes it easy for anyone reading your program to know 
when a macro name is being used. 

There may one or more spaces after the macro name 
before the substitution string begins. This string may 
contain any type of character and is terminated by the 
end of the line. 

Preprocessor directives in general and ^define in 
particular are not affected by C's code blocks. That is, 
whether you define a macro name outside of all func- 
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tions or within a function, once it is defined, all code 
after that point may have access to it. For example, this 
program prints 80386 on the screen.' 

#include "stdio.h" 

void f(void); 

void main(void) 

( 

#define PROCESSOR 80386 
f( ); 

1 

void f(void) 

( 

printf("%ld", PROCESSOR); 

) 

There is one important point you must remember: each 
preprocessor directive must appear on its own line. 

P Macro substitutions are useful for two main reasons. 
First, many C library functions use certain predefined 
values to indicate special conditions or results. Your 
programs will need access to these values when they 
use one of these functions. However, many times the 
actual value wifl vary between programming environ¬ 
ments. For this reason, many of these values are speci¬ 
fied using macro names. - These macro names are 
defined inside the header file that relates to each specific 
function. You will see an example of this in the next 
section. 

The second reason macro substitution is important 
is that it can help make it easier to maintain programs.. 
For example, if you know that a value, such as an array 
size, is going to be used several places in your program, 
it is better to create a macro for this value. Then if you 
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ever need to change this value, you simply change the 
macro definition. All references to it will be automati¬ 
cally changed when the program is recompiled. 


Examples 

1. Since a macro substitution is simply a siring replace¬ 
ment, you can use a macro name in place of a string. 
For example, the following program prints Macro 
Substitutions are Fun. 

#include "stdio.h" 

tdefine FUN "Macro Substitutions aro Fun" 

void main(void) 

( 

printf(FUN); 

} 

To the compiler, the printfO statement looks like 
this: 

printf("Macro Substitutions are Fun"); 

2. Once a macro name has been defined, it can be used 
to help define another macro name. For example, 

examine this program.- 

* 

tinclude "stdio.h" 

#define SMALL 1 

#define MEDIUM SMALL+1 

#defins LARGE MEDIUM+1 

void main(void) 

( 

printf("%d %d %d", SMALL, MEDIUM, LARGE); 

) 
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i . 

As you might expect, it prints 1 2 3 on the screen. 

3. If a macro name appears inside of a quoted sir jig, ’ 
no substitution will take place. For example, given 
this definition 

#define ERROR catastrophic error occurred" 

the following statement will not be affected. 

printf("ERROR: Try again"); 

Exercises 

1. Create a program that defines two macro names, 
MAX and COUNTBY. Have the program count 
from 0 to MAX-1 by whatever value COUNTBY is 
defined as. (Give COUNTBY the value 3 for demon¬ 
stration purposes.) 

2. Is this fragment correct? 

.. v 

#define MAX MIN+100 , , jt- 

#define MIN 10 

3. Is this fragment correct? 

#define STR this is a test r 


printf(STR); 

4. Is this program correct? 

tdefine STDIO "stdio.h" 

#include STDIO 

void main(void) 

printf("this is a test"); 
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8 r\ EXAMINE CHARACTER AND 
• Z STRING INPUT AND OUTPUT 

Although you have already learned how to input and 
output characters and strings, this section looks at these 
processes more formally. 

The ANSI C standard defines these two functions 
that perform character input and output, respectively: 

int getchar(void); 
int putcharfint ch); 

They both use the header file STDIO.H. As mentioned 
earlier in this book, many compilers implement 
getcharO in a line-buffered manner, which makes it 
unusable in an interactive environment. Most compil¬ 
ers contain a nonstandard function called getchef), 
which operates like getcharf), except that it is interac¬ 
tive. Discussion of getchef) and other nonstandard 
functions will occur in a later section. 

The getcharf) functioii^Mrns, jhe next character 
typed on the keyboard. This character is read as an 
unsigned char converted to an int. However, most 
commonly, your program will assign this value to a 
char variable, even though getchar() is declared as 
returning an int. If you do this, the high-order byte of 
the integer is simply discarded. The reason that getcharf) 
returns an integer is that if an error occurs reading 
input, getcharf) returns the macro EOF , which is a 
negative integer, generally-1. The EOF macro, defined 
in STDIO.H, stands for end-of-file. Although it may 
seem hard to see how a keyboard could generate an 
end-of-file condition, this is the traditional value used 
for getcharf) when an error occurs. Therefore, to allow 
the EOF value to be returned, getchar() must return an 
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integer. Inthe vast majority of circumstances, if an error 
occurs when reading from the keyboard, it generally 
means that the computer has died. Therefore, most 
programmers don't bother checking for EOF when us- 

ing getchar() and simply assign the value to a character 
value. 

The putchar() function outputs a single character to 
the screen. Although its parameter is declared to be of 
type int, this value is converted into an unsigned char 
by the function. If the output operation is successful, 
putchar() returns the character written. If an output 
error occurs, EOF is returned. For reasons similar to 
those given for getchar(), if output to the screen fails, 
the computer has probably crashed anyway, so most 
programmers don't bother checking the return value of 
putchar() for errors. 

The reason that you might want to use putchar() 
rather than printf() with the %c specifier to output a 
character is that putcjharf) is faster and more efficient. 
Although printff) is very powerful and flexible, a call 
to printf() generates more overhead than a call to 
putcharf). 

* 

Examples 

1. As stated earlier, getcharO is generally imple¬ 
mented using line buffering. When input is line 
buffered, no characters are actually passed back to 
the calling program until the user presses enter. 
The following program demonstrates this. 

#include "stdio.h" 

void main(void) 

( 


char ch; 
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do { \ 

eh = getchar( ); 
putchar (' .' ) ; 

} v/hile (eh ! = ' \n') ; 

1 

Instead of printing a period between each character, 
what you will see on the screen is all the letters you 
typed before pressing ENTER, followed by a string of 
periods. 

One other point: When entering characters using 
getchar(), pressing ENTER will cause the newline 
character to be returned. However, when using one 
of the alternative nonstandard functions, pressing 
ENTER will cause the carriage return character \r to 
be returned. Keep this difference in mind. 

2. The following program illustrates the fact that you : 
can use Cs backslash character constants with 
putchar(). 

^include "stdio.h" 

void main(void) 

{ 

putchar('A'); 
putchar('\n ' ) i 
putchar(' B' ); 

1 

This program displays 

A 

B 

on the screen. 
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Exercises 

1. Rewrite the program shown in the first example so 

that it checks for errors on both input and output 
operations. r 

2. What is wrong with this fragment? 

char str[ 80 ] = "this is a test"; 


putchar(str); 


O O EXAMINE SOME NONSTANDARD 
CONSOLE FUNCTIONS 


Because of the noninteractive nature of getchar() as 
commonly implemented, many compilers supply addi¬ 
tional input routines that provide interactive character 
input. You are already familiar with getche(). Here are 
the prototypes of getchef) and getch(). 

int getche(void); 
int getch(void); 

Both functions use the header file CONIO.H. The 
getche() function waits until the next keystroke is en¬ 
tered at the keyboard and then reads the character and 
echoes it to the screen. The character is read as an 
unsigned char and elevated to int. However, your rou- 


Scanned by CamScanner 


262 Teach Yourself C 


tines can simply assign this value to a char value. The 
getch() function is the same as getchef), except that the 
keystroke is not echoed to the screen. 

Another very useful non-ANSI-standard function 
commonly supplied with a C compiler is kbhit(). ft has 
this protoiype. 

int kbhit(void); 

The kbhit() function requires the header file CONIO.H. 
This function is used to determine whether a key has 
been pressed or not. If the user has pressed a key, this 
function returns true (non-0), but does not read the 
character. If a keystroke is waiting, you may read it with 
getchef) or getchf). If no keystroke is pending, kbhitf) 

returns false (0). 


Examples 

1. The getchf) function lets you take greater control of 
the screen because you can determine what is dis¬ 
played each time a key is struck. For example, this 
program reads characters until a 'q' is typed. All 
characters displayed are uppercase. 

#include "stdio.h" 

#include "conio.h" 

#include "ctype.h" 

void main(void) 

( * 

char ch; 
do { 
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ch = getch( ); 
putchar(toupper(ch)) ; 

) while (ch != 'q'); 

) 

2. The kbhit() function is very useful when you want 
to let a user interrupt a routine without actually 
forcing the user to continually respond to a prompt 
like Continue? . For example, this program prints 
a 5-percent sales-tax table in increments of 20 cents. 

The program continues to print the table until either 
the user strikes a key or the maximum value is 
printed. 

#include "stdio.h" 

#include "conio.h" 

void main(void) 

{ 

double amount; 
amount = 0.20; 

printf("Printing 5-percent tax table\n"); 
printf("Press a key to stop.\n\n"); 
do ( 

printf("amount: %lf, tax: %lf\n", amount, amount*0.05); 
if(kbhit( )) break; 
amount = amount + 0.20; 

) while(amount < 100.0); 


Exercises 

1. Write a program that displays the ASCII code of 
each character typed. Do hot display the actual char¬ 
acter, however. - 
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2. Write a program that prints periods on the screen 
until you press a key. 


8 4 TAKE A CLOSER LOOK AT 
gets() AND puts() 


Although both gets() and puts() were introduced ear¬ 
lier, let's take a close look at them now. Their function 
prototypes are 

char *gets(char *str); 
int puts(char *str ); 

These functions use the header file STDIO.H. The gets() 
function reads characters entered at the keyboard until 
a carriage return is entered. It stores the characters in 
the array pointed to by str. The carriage return is not 
added to the string. Instead, it is converted into the null 
terminator. If successful, gets!) returns a pointer to the 
start of str. If an error occurs, a null pointer is returned. 

The puts() function outputs the string pointed to by 
str to the screen. It automatically appends a carriage 
return, line-feed sequence. If successful, puts() returns 
a non-negative value. If an error occurs, EOF is re¬ 
turned. 

The main reason you may want to use puts() instead 
of printff) to output a string is that puts!) is much 
smaller and faster. While this is not important to the 
example programs shown in this book, it may be in 
some applications. 
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Examples 


1 . 


This program shows how you can use the return 
value of gets() to access the string holding the input 
information. Notice that this program also confirms 

Ue string rr0r ° CCUrred bef ° re atlem P lin 8 to use 

#include "stdio.h" 


void main(void) 

{ 

char *p, str[80]; 


printf("Enter a string: ") ; 

P = gets(str); 
if(p) /* if not null */ 
printf("%s %s"/ P/ str); 

) 

2. If you simply want to make sure that gets() did not 
encounter an error before proceeding, you can place 
gets() directly inside an if statement, as illustrated 
by the following program. 

#include "stdio.h" 


void main(void) 

( 

char str[80]; 

i . 

printf("Enter a string: ") ; 
if(gets(str)) “/** if not null */ 

printf("Here is your string: %s", str); 

Because a null pointer is false, there is no need for 
the intermediary variable p, and the gets() state¬ 
ment can be put directly inside the if. 
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3. It is important to understand that, even though gets() 
returns a pointer to the start of the string, it still must 
be called with a pointer to an actual array. For 
example, the following is wrong. 

char *p; 

p = gets(p); /* wrong!!! */ 

Here, there is no array defined into which gets() can 
put the string. This will probably result in a program 
crash. 

4. This program outputs the words one, two, and three 
on three separate lines, using puts(). 

♦include "stdio.h" 

void main(void) 

( 

puts ("one"); 
puts("two"); 
puts ("three") ; 

) 

Exercises 

1. Compile the program shown in Example 2, above. 
Note the size of the compiled code. Next, convert it 
so that it uses prinlf() statements, instead of puts(). 
You will find that the printff) version is several 
bytes larger. 

2, Is this program correct? If not, why not? 

♦include "stdio.h" 

void main(void) 

( 

char *p/ * c l> 
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printf("Enter a string: "); 
p = gets(q); 
printf(p); 

) 

8 5 MASTER printf() 

Although you already know many things about printf(), 
you will be surprised by how many more features it has. 
In this section you will learn about some more of them. 
To begin, let's review what you know so far. 

The printf() function has this prototype. 

int printf(char *control-string ,...); 

The periods indicate a variable-length parameter list. 
The printf () function returns the number of characters 
output. If an error occurs, it returns a negative number. 
Frankly, few programmers bother with the return value 
of printf() because, as mentioned earlier, if the console 
is not working, the computer is probably nonfunctional 
anyway. 

The control string may contain two types of items: 
characters to be output and format specifiers. All format 
specifiers begin with %. A format specifier determines 
how its matching argument will be displayed. Format 
specifiers and their arguments are matched from left to 
right, and there must be as many arguments as there are 
specifiers. 

The format specifiers accepted by printf() are 
shown in Table 8-1. You have already learned about the 
%c, %d, %s, %u, %p, and %f specifiers. The others will 
be examined now. 

The %i command is the same as %d and is redun¬ 
dant. 
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1 


TABLE 8-1. 

printff) Format Commands 

Code 

Format 

%c 

Character. 

% d 

Signed decimal integers. 

%i 

Signed decimal integers. 

%e 

Scientific notation (lowercase 'e'). 

%E 

Scientific notation (uppercase 'E'). 

%f 

Decimal floating point. 

%g 

Uses %c or %f, whichever is shorter. 

%G 

Uses %E or %{, whichever is shorter. 

%o 

Unsigned octal. 

%s 

String of characters. 

%u 

Unsigned decimal integers. 

%x 

Unsigned hexadecimal (lowercase letters). 

%X 

Unsigned hexadecimal (uppercase letters). 

%p 

Displays a pointer. 

%n 

The associated argument shall be an integer pointer 
into which is placed the number of characters written 
so far. 

%% 

Prints a % sign. 


You can display numbers of type float using scien¬ 
tific notation by using either %e or %E. The only differ¬ 
ence between the two is that %c uses a lowercase 'e' and 
%E uses an uppercase 'E/ These specifiers may have the 
1 and L modifiers applied to them to allow them to 
display values of type double and long double respec¬ 
tively. 

The %g and %G specifiers cause output to be in 
either normal or scientific notation, depending upon 
which is shorter. The difference between the %gand the 
%G is whether a lower- or uppercase 'e' is used in cases 
where scientific notation is shorter. These specifiers 
may have the 1 and L modifiers applied to them to allow 
them to display values of type doub’e and long double 

respectively. 
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You can display an integer in octal format using %o 
or in hexadecimal using %x or %X. U^ihg %x causes the 
letters a through f' to be displayed in lowercase. Using 
%X causes them to be displayed in uppercase. These 
specifiers may have the h and 1 modifiers applied to 

allow them to display short and long data types, respec¬ 
tively. 

The argument that matches the %n specifier must 
be a pointer to an integer. When the %n is encountered, 
printff) assigns the integer pointed toby the associated 
argument the number of characters output so far. 

Since all format commands begin with a percent 
sig n / you must use %% to output a percent sign. 

All but the %%, %p, and %c specifiers may have a 
minimum-field-width specifier and/or a precision spe¬ 
cifier associated with them. Both of these are int quan¬ 
tities. If the item to output is shorter than the specified 
minimum'field width, the output is padded with 
spaces, so that it equals the minimum width. However, 
if the output is longer than the minimum, output is not 
truncated. The minimum field width specifier is placed 
after the % sign and before the format specifier. 

The precision specifier follows the minimum-field- 
width specifier. The two are separated by a period. The 
precision specifier affects different types of format spe¬ 
cifiers differently. If it is applied to the %d, %i, % 0 , %u 
or %x specifiers, it determines how many digits are to 
be shown. Leading zeros are added if needed. When 
applied to %f, %e, or %g, it determines how many 
digits will be displayed after the decimal point. When 
applied to the %s, it specifies a maximum field width. 
If a string is longer than the maximum field width 
specifier, it will be truncated. 

By default, all numeric output is right justified. To 
left justify output, put a minus sign directly after the % 
sign. 
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The general form of a format specifier is shown here. 
Optional items are shown between brackets 

%[-][? n in imum-field- wid th][.] [precision]forma t-specifier 

For example, this format specifier tells printff) to out¬ 
put a double value using a field width of 15, with 2 
digits after the decimal point. 

t 

%15.21f 


Examples 

1. If you don't want to specify a minimum field width, 
you can still specify the precision. Simply put a 
period in front of the precision value, as illustrated 
by the following program. 

#include "stdio.h" 

void main(void) 

{ 

printf("% .5d\n", 10); 
printf("$%.2f\n" / 99.95); 

printf{"%.10s", "Not all of this will be printed\n"); 

The output from this program looks like this: 

00010 
$99.95 
Not all of 

Notice the effect of the precision specifier as applied 
to each data type. 

2. The minimum-field-width specifier is especially 
useful for creating tables that contain columns of 
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numbers that must line up. For example, this pro¬ 
gram prints 1000 random numbers in three col¬ 
umns. It uses another. of Cs standard library 
unctions, rand(), to generate the random numbers. 
The rand() function returns a random integer value 
each time it is called. It uses the header STDLIB.H. 

#include "stdio.h" 

#include "stdlib.h" 

void main(void) 

( 

int i; 

for (i=0; i<1000; i++) 

} printf("%10d %10d %10d\n" # rand( ), ran d( ) 

Part of the output from this program is shown here. 
Notice how the columns are aligned. (Remember, if 

you try the program, you will probably see different 
numbers.) 


10982 

130 

346 

7117 

11656 

1090 

22940 

6415 

17595 

14 55 0 

9004 

31126 

18492 

°2879 

3571 

26721 

5412 

1360 

27119 

25047 

22463 

13985 

7190 

31441 

30252 

27509 

31214 

19816 

14779 

26571 

17995 

19651 

21681 

13310 

3734 

23593 

15561 

21995 

3979 

11288 

18489 

16092 

5892 

8664 

28466 

5364 

22766 

13863 

20427 

21151 

17639 

8812 

25795 

100 

12347 

12666 

15108 


, rand( )); 
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3. This program prints the value 90 four different 
, ways: decimal, octal, lowercase hexadecimal, an 

uppercase hexadecimal. It also, prints a floating 
point number using scientific notation with a low 
ercase 'e' and an uppercase 'E/ 

#include "stdio.h" 
void main(void) 

ptintf ("$d %o %x 9 oX\n", 90, 90,.00, 90); 
printf ("%e %E\n", 99.231, 99.231); 

) 

The output from this program is shown here. 

90 132 5a 5A 
9.92310e+01 9.92310E+01 

4. The following program demonstrates the %n speci¬ 
fier. 

#include "stdio.h" 

void main(void) 

{ 

int *irr~ 

printf ("%d %f\n%n’V 100, 123.23, &i) ; 
printf ("%d characters output so far", i); 

} 

Its output looks like this: 

100 123.230000 
15 characters output so far 

The fifteenth character is the newline. 
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1. Write a program that prints a table of numbers, each 
line consisting of a number, its square, and its cube. 
Have the table Degin at 2 and end at 100. Make the 
columns line up, and left justify each column. 

2. How would you output this line using printf()? 
Clearance price: 40% off as marked 

3. Show how to display 1024.03 so that only two deci¬ 
mal places are printed. 

8 • 6 MASTER scanf() 

Like printf( ), scanf () has many more features than we 
have used so far. In this section several of these addi¬ 
tional features are explored. Let's begin by reviewing 
what you have already learned. 

The prototype for scanf() is shown here. 

int scanf(char * control-string ,...); 

The control-string consists mostly of format specifiers. 
However, it can contain other characters. (You will 
learn about the effect of other characters in the control 
string soon.) The format specifiers determine how 
scanf() reads information into the variables pointed to 
by the arguments that follow the control string. The 
specifiers are matched in order, from left to right, with 
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TABLE 8-2. 

scanf() Format Codes 

Code 

Meaning 

%c 

Read a single character 

- %d 

Read a decimal integer 

%i 

Read a decimal integer 

%e 

Read a floating-point number 

%f 

Read a floating-point number 

%g 

Read a floating-point number 

%o 

Read an unsigned octal number 

%s 

Read a string 

%x 

Read an unsigned hexadecimal number 

%p 

Read a pointer 

%n 

Receives an integer value equal to the number of 
characters read so far 

%u 

Read an unsigned integer 

%M 

Scan for a set of characters 


the arguments. There must be as many arguments as 
their are specifiers. The format specifiers are shown in 
Table 8-2. As you can see, the scanf () specifiers are very 
much like the prinlff) specifiers. 

The scanf() function returns the number of fields 
assigned values. If an error occurs before any assign¬ 
ments argjrtade, EOF is returned. 

The specifiers*Vox and %o are used to read an un¬ 
signed integer using hexadeciinaLand octal number 
bases, respectively. 

The specifiers %d, %i, %u, %x, and %o may be 
modified by the h when inputting into a short variable 
and by 1 when inputting into a long variable. 

The specifiers %e, %f, and %g are equivalent. They 
all read floating-point numbers represented in either 
scientific notation or standard decimal notation. Un¬ 
modified, they input information into a float variable. 


Scanned by CamScanner 



Console I/O 275 


\ou can modify them using an 1 when inputting into a 
double. To read a long double, modify them with an L. 

You can use scanf() to read a string using the %s 
specifier, but you probably won't want to. Here's why: 
When scanf() inputs a string, it stops reading that 
string when the first whitespace character is encoun¬ 
tered. A whitespace character is either a space, a tab, or 
a newline. This means that you cannot easily use scanf() 
to read input like this into a string: 

this is one string 

Because there is a space after "this," scanf() will stop 
inputting the string at that point. This is why gets() is 
generally used to input strings. 

The %p specifier inputs a memory address using the 
format determined by the host environment. The %n 
specifier assigns the number of characters input up to 
the point the %n is encountered to the integer variable 
pointed to by its matching argument. The %n may be 
modified by either 1 or h so that it may assign its value 
to either a long or short variable. 

A very interesting feature of scanf() is called a 
scanset. A scanset specifier is created by putting a list of 
characters inside square brackets. For example, here is 
a scanset specifier containing the letters ABC. 

%[ABC] 

When scanf() encounters a scanset, it begins reading 
input into the character array pointed toby the scanset s 
matching argument. It will only continue reading char¬ 
acters as long as the input character is part of the 
scanset. As soon as a character that is not part of the 
scanset is found, scanfO stops reading input for this 
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speedier r.nd moves on lo any others in the control 
string. 

\ou can specify a range in a scanset using the - 

(hyphen). Kir example, this scanset specifies the char¬ 
acters 7V through 'Z.' 


* [A-Z] 


V /hen the scanset is very large, sometimes it is easier 
to specify what is not part of a scanset. To do this, 
precede the set with a A . For example, 


* t '0123456709] 

When scnnf() encounters this scanset, it will read any 
characters except the digits 0 through 9. 

You can suppress the assignment of a field by put¬ 
ting an asterisk immediately after the % sign. This can 
bo very useful when inputting information thatcontains 
needless characters. For example, given this scanf( ) state¬ 
ment 

int first, second; 

scanf (" ? ddo*c%d", fifirst, fisecond) ; 

this input 


555-2345 


will cause scanf() to assign 555 to first, discard ihe -, 
and assign 2345 to second. Since the hyphen is not 
needed, there is no reason to assign it to anything. 
I-fcnce, no associated argument is supplied. 
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You can specify a maximum field width for all speci¬ 
fiers except % c, for which a field is always one character, 
and %n, to which the concept does not apply- The max¬ 
imum field width is specified as an unsigned integer, 
and it immediately precedes the format specifier char¬ 
acter. For example, this limits the maximum length of a 
string assigned to str to 20 characters. 

scanf("%20s", str); 

If a space appears in the control string, then scanf() 
will begin reading and discarding whitespace charac¬ 
ters until the first non-whitespace character is encoun¬ 
tered. If any other character appears in the control 
string, scanf() reads and discards all matching charac¬ 
ters until it reads the first character that does not match 
that character. 

One final point: As scanf() is generally implement¬ 
ed, it line buffers input in the same way that getcbar() 
often does. While this makes little difference when 
inputting numbers, its lack of interactivity tends to 
make scanf() unusable for other types of input. h'J t 
users will simply not tolerate (nor should they have to 
tolerate) line-buffered input. 


Examples 

1. To see the effect of the %s sped tier, try this program. 
When prompted, type this is a test and press l£Nl 12R. 
You will see only this redisplayed on the screen. 
This is because, when reading strings, scam() slops 
when it encounters the first whitespace cnaracter. 
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♦include "stdio.h" 

void main(void) 

{ 

char str[80] ; 

/* Enter "this is a test" */ 
printf("Enter a string: ") ; 
scanf ("'.3", str); 
printf(str); 

) 

2. Here's an example of a scanset that accepts both the 
upper- and lowercase characters. Try entering some 
letters, then any other character, and then some 
more letters. After you press ENTER, only the letters 
that you entered before pressing the nonletter key 
will be contained in str. 

♦ include "3t:dio.h" 

void main(void) 

{ 

char str(80]; 

printf("Enter letters, anything else to 3top\n"); 
scanf(”% [a-zA-Z] ", str); 

printf(str); 

1 

3. If you want to read a string containing spaces using 
scanf(), you can do so using the scanset shown in 
this slight variation of the previous program. 

♦include "stdio.h" 

void main(void) 

*{ 

char 3tr (80] ; 
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pnntf ("Enter letters and spaces\n"); 
scant("%[a-zA-z ]", 3 tr) ; 

printf(str) ; 

) 

You could also specify punctuation symbols and 
digits, so that you can read virtually any type of 

string. However, this is a fairly cumbersome way of 
doing things. 

4. This program lets the user enter a number followed 
by an operator followed by a second number. It then 
performs the specified operation on the two num¬ 
bers and displays the results. 

♦include "stdio.h" 

void main(void) 

{ 

int i, j; 
char op; 

printf("Enter operation: ") ; 
scanf("%d%c%d", &i, &op, &j); 

switch(op) { 

case printf("%d", i+j); 

break; 

case printf("%d", i-j); 

break; 

case if(j) printf("Id", i/j) ; 

break; 

case ' *': printf(”%d", i*j); 

) 

) 

Notice that the format for entering the information 
is somewhat restricted, because no spaces are al- 
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lowed between the first number and the operator. 
As you know, scain() automatically discards lead¬ 
ing whitespace characters except when you use the 
%c specifier. However, since you know that the 
operator will not be a whitespace character, you can 
modify the scanf() command to look like this: 

scant’("ad "c%d", si, Lop, &j); 

Whenever there is a space in the control string, 
scanf() will match and discard whitespace charac¬ 
ters until the first non-whitespace character is 
found. This includes matching 0 whitespace charac¬ 
ters. With this change in place, you can enter the 
information into the program using one or more 
spaces between the first number and the operator, 

5. This program illustrates the maximum-field-width 
specifier. 

^include "stdio.h" 

' 

void main(void) 

{ 

int i, j; 

printf ("Enter an integer: ") / 
scant ("SOdSd", &.i, &j); 
printf("td Id", i, j); 

) 

If you run this program and «nler the number 12345 
i will be assigned 123, and j will have the value 45 
The reason for this is that scanf() was told that i's 
field is only three characters long. The remainder of 
the input was then sent to j. 

6. T his program illustrates the effect of having non¬ 
whitespace characters in the control string. It allows 


Scanned by CamScanner 


Console I/O 201 


you to enter a decimal value, but it assigns the digits 
to the left of the decimal point to one integer and 
those to the right of the decimal to another. The 
decimal point between the two %d specifiers causes 
the decimal point in the number to be matched and 
discarded. 

#include "stdio.h" 

void main(void) 

{ 

int i, j; 

printf("Enter a decimal number: "); 
scanf ("%d. %d", &i, &j); 

printf ("left part: %d, ;.ight part: "od", i,j); 

) 


Exercises 

1. Write a program that prompts you for your name 
and then inputs your first, middle, and last names. 
Have the program read no more than 20 characters 
for each part of your name. Finally, have the pro¬ 
gram redisplay your name. 

2. Write a program that reads a floating-point number 
as a string using a scanset. 

3. Is this fragment correct? If not why not? 
char ch; 

scanf("%2c"/ 6ch) ; 

4. Write a program that inputs a string, a double, and 
an integer. After these items have been read, have 
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the program display how many characters had been 
input. (Hint: use the %n specifier.) 

5. Write a program that converts a hexadecimal num¬ 
ber entered by the user into its corresponding deci¬ 
mal and octal equivalents. 


EXERCISES 


Before proceeding you should be able to answer these 
questions and perform these exercises. 


1. What is the difference between getchar(), getche(), 
and getch()? 


2. What is the difference between the %e and the %E 
printf() format specifiers? 


3. What is a scanset? 

4. Write a program, using scanf(), that inputs your 
first name, birth date (using the format 
mm/dd/yy), and telephone number. Redisplay the 
information on the screen to verify that it was input 
correctly. 


5. 


What is one advantage to using puts() over printf() 
when you only need to output a siring? What is on 
disadvantage to puts()? 


6. Write a program that defines a macro called 
COUNT as the value 100. Have the program the/ 
use this macro to control a for that displays *e 
numbers 0 through 99. p ys the 


7. What is EOF, and where is it defined? 


MASTERY 
SKILLS CHECK 

V 
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EXERCISES 


This section checks how well „„„ h, • 

materia, in this chapter with that from e"rHe7 chapte^ 

1. Write a program that allows you to enter the batting 
averages for the players on a little league team 

inter".? 6 are eX ^ y 9 P la yers.)£l a ve the user 

enter the f.rst name and batting average of each 

jMayer. Use a two-dimensional character array to 

hold the names and a one-dimensional double array 

to hold the batting averages. Once all the names are 

entered, have the program report the name, and 

average of the highest and lowest averages. Also, 

have the program display the team average. 

2. Write a program that is a simple electronic library 
card catalog. Have the program display this menu: 


Card Catalog: 

1. Enter 

2. Search by Author 

3. Search by Title 

4. Quit 

Choose your selection: 

If you choose Enter, have the program repeatedly 
input the name, author, and publisher of a book. 

Have this process continue until the user enters 
a blank line for the name of the book. For searches, 
prompt the user for the specified author or title and 
then, if a match is found, display the rest of the 
information. After you finish this program, keep 
your file, because in the next chapter you will learn 
how to save the catalog to a disk file. 


INTEGRATING 
NEW SKILLS 
CHECK 

V 
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CHAPTER OB JECTIVES 

9.1 Understand streams 

9.2 Master file-system basics 

9.3 Understand foef() and ferror() 

9.4 Learn some higher-level text functions 

9.5 Learn to read and write binary data 

9.6 Understand random access 

9.7 Learn about various file-system functions 

9.8 Learn about the standard 
streams 
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Although C does not have any built- in method of per¬ 
forming file I/O, the C standard library contains a very 
rich set of I/O functions As you will see in this chapter, 
C s approach to I/O is efficient powerful, and flexible. 


>..(J J 
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Note: Most C compilers supply two complete sets of 
disk I/O functions. One is called the ANSI file system 
(sometimes called the buffered file system). This file sys¬ 
tem is defined by the ANSI C standard. The second file 
system is based upon the original UNIX operating en¬ 
vironment and is called the UNIX- like file system (some¬ 
times called the unbuffered file system). This file system 
is not defined by the ANSI standard. The ANSI stan¬ 
dard only defines one file system because the two file 
systems are redundant. Further, not all environments 
may be able to adapt to the UNIX-like system. For these 
reasons, this book only discusses the ANSI file system. 
For a discussion of the UNIX-like file system, see the 
book C: The Complete Reference by Herb Schildt (Berke¬ 
ley, Calif.: Osborne/McGraw-Hill, 1989) 


EXERCISES 


Before proceeding you should be able to perform these 
exercises and answer these questions. 


1. What is the difference between getcharf) a d 
getche()? 


SKILLS CHECK 

V 


2. Give one reason why you probably won't use scanf( )' s 
%s option to read strings from the keyboard 

3. Write a program that prints a four-column table 

the prime numbers between 2 and 1000. Make G ° 
that the columns are aligned. Ure 


4. Write a program that inputs a double, a chara 
and a string not longer than 20 characters. Redi 
the values to confirm that they were input correctf^ 
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5 ‘ digits ldTh 8ram readS and discards '“ding 
dg ', d then reads a string. (Hint: Use a scanset 
to read past any leading digits.) 

9.1 UNDERSTAND streams 


Before we can begin our discussion of disk file I/O you 
must understand a very important concept in CMhe 
stream. In C, the stream is a common, logical interface 
to the various devices that comprise the computer In 

' C ° namon form ' 3 stream is a logical interface to 
a/de. As C defines the term "file," it can refer to a disk 
file, the screen, the keyboard, a port, a file on tape, and 
SO on. Although files differ in form and capabilities, all 
streams are the same. The advantage to this approach 
is that to you, the programmer, one hardware device 
will look much like any other. The stream provides a 
consistent interface. 

A stream is linked to a file using an o pen operati on. A 
stream is disassociated from a file using a close operation 

There are two types o f streams: text and binary. A 
text stream is used with ASCII characters. When a text 
stream is being used, some character translations may 
take place. For example, when the newline character is 
output, it is converted into a carriage-return/linefeed 
sequence. For this reason, there may not be a one-to-one 
correspondence between what is sent to the stream and 
what is written to the file. A binary stream may be used 
with any type of data. No character translations will 
occur, and there is a one-to-one correspondence be- 

ween what is sent to the stream anci what is actually 
contained in the file." -- 
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One final concept you need to understand is that o 
the current location. The current location, also referre 
to as the currentj jositicm, is the locati on in a file where 
the next file access will occur. For example, if a file is 
100 bytes long and half the file has been read, the next 
read operation will occur at by te 50, which is the current 
location. 

To summarize: In C, disk I/O (like certain other 
types of I/O) is performed through a logical interface 
called a stream. All streams ha vc similar properties, and 
all are operated on by the samei/OXunctions, no matter 
what type of file the stream is associated with. A file i£y 
the actual physical entity that receives the data. Even 
though files differ, streams do not. (Of course, some 
devices may not support the random-access operations, 
for example, so their associated stream will not support 
such operations either.) 

Now that you are familiar with the theory behind 
Cs file system, it is lime to begin learning about it. 

2 MASTER file-system basics 

- ' 

In this section you will learn how. to open and close a 
file. You will also learTThow to read and write characters 

to and from the file. 

To open a file and associate it with a stream, use 
fopen( )• Its prototype is shown here. 

FILE *fopen(char *fname, char *modc ); 


The fopcn() function, like all the file-system functions, 
uses the header STDIO.H. The name of the file to open 
is pointed to by (name. It must be a valid file name, as 
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TABLE 9-1. The Legal Values for Mode 


Mode 


r+b 

w+b 

a+b 


Meaning 

Open a text file for reading 

Create a text file for writing 

Append to a text file 

Open a binary file for reading 
Create a binary file for writing 
Append to a binary file 
Open a text file for rcad/write 
Create a text file for read /write 
Append or create a text file for rcad/write 
Open a binary file for rcad/write 
Create a binary file for rcad/write 
Append a binary file for rcad/write 



defined by the operating system. The string pointed to 
by mode determines how the file may be accessed. The 
legal values for mode are shown in Table 9-1. 

L ^ ^he °P en operation is successful, fopen() returns 
a valid file pointer. The type FILE is defined in 
STDIO.H. It is a structure that holds various informa¬ 
tion about the file, such as its size, the current location 
of the file, and its access modes? It essentially identifies 
the file. (A structure is a group of variables accessed 
under one name. You will learn about structures in the 
next chapter. However, you do not need to know any¬ 
thing about them to learn and fully use Cs file system.) 
The fopen() function returns a pointer to the structure 
associated with the file by the open process. You will 
use this pointer with all other functions that operate on 

ihe file..However, you must never alter it or the object 
d points to. ' 

If the fopen() function fails, it returns a null pointer. 1 
® header STDIO.H defines the macro NULL, which 
ls e ined to be a null pointer. It is very important to 
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ensure that a valid file pointer has been returned. You 
must check the value returned by fopen() to be sure 
that it is not NULL. For example, the proper way to 
open a file called myfile for text input is shown in this 
fragment. 

FILE *fp; 

if((fp = fopen("myfile", "r"))==NULL) { 

printf("Error opening file\n"); 

exit (1) ; /* or substitute your own error handler */ 

) 

Although most of the file inodes are self-explana¬ 
tory, a few comments are in order. If, when opening a 
file for read-only operations, the file does not exist, 
fopenR'Wttt’fail/lf it does not exist when opening a file 
for append mode, one will be created. Further, all new 
data written to the Hie will Be written to the end of the 
file. The original contents will remain unchanged. If, 
when a file is opened for writing, the file does not exist, 
it will be created. If it does exist, the contents of the 
original file will be destroyed and a new file created. 

The difference between modes r+ and w+ is that r+ will 
not create a file if it does not exist; however, w+ will. 
Further, if the file already exists, opening it with w+ 
destroys its contents; opening it with r+ does not. 

To close a file, use fclose(), whose prototype is 

int fclose(FILE 

^The fclose() function closes the file associated with/p, 
which must be a valid file pointer previously obtained 
using fopen(), and disassociates the stream from the 
file. In order to improve efficiency, most file system 


Scanned by CamScanner 



File I/O 291 


implementations write data to disk one sector at a time. 
Therefore, data is buffered until « sector's worth of 
information has been output before the buffer is physi¬ 
cally written todlsk. When you call fclosef), itauLat- 
,ca ly writes .my information remaining In a partially 
10 dlsk - 1 h,s is ofl «» referred to ns flushing llu; 

You must never call' fclosef) with an invalid argu¬ 
ment. Doing so will damage the file system and possibly 
cause irretrievable data loss. 

The fclosef) function returns 0 if successful. If an 
error occurs, EOF is relumed. 


Once a file has been opened, depending upon ils 
mode, you may read and/or write bytes to or from it 
using these two functions. 


int fgetc(FILE *fp ); 
int fputc(int ch, FILE *fp ); 

The fgetc() function reads the next byte from the file 
described by fp as an unsigned char and returns it as an 
integer. The reason that it returns an integer is that if an 
error occurs, fgetc() returns EOF, which is an integer 
value. The fgetc() function also returns EOF when the 
end of the file is reached. Your routine can assign the 
fgetc( )'s return value to a char. You don't have to assign 
it to an integer. The fputc() function writes the byte 
contained in ch to the file associated with fp as an 
unsigned char. Although ch is defined as an int, you 
" ma y call it using simply a char, which is the common 
procedure. The fputc() function returns the character 
written if successful or EOF if an error occurs. 

Historical note: The traditional names for fgetc() 
and fputc() are getc() and putc(). The ANSI standard 
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still defines these names, and they are essentially inter¬ 
changeable with fgctcO and fputc(). One reason the 
new names were added was for consistency. All other 
ANSI file system function names begin with 'f/ so the 
was added to getc() and putc(). The ANSI standard 
still supports the traditional names, however, because 
there are so many existing programs that use them.jjf 
you see programs that use getcO and pulcO, don't 
worry. They arc essentially different names for fgetc( ) 
and fputc( )J 

Examples 

1. This program demonstrates the four file-system 
functions you have learned about so far. First, it 
opens a file called MYFILE for output. Next, it writes 
the string "This is a file system test", to the file. Then, 
it closes the file and reopens it for read operations. 
Finally, it displays the contents of the file on the 
screen and closes the file. 

#include "stdio.h" 
linclude "stdlib.h" 

char str[80] = "This is a file system test"; 

void main(void) 

{ 

FILE *fp; 
char *p; 
int i; 

/* open myfile for output */ 
if((fp = fopen("myfile", "w"))==NULL) { 
printf("Cannot open file\n")/ 
exit(1); 

} 


Scanned by CamScanner 


File I/O 293 


/* write str to disk */ 
p = str; 
while(*p) { 

if(fputc(*p, fp)==EOF) { 

printf{"Error writing file\n"); 
exit(1); 

} 

p++; 

} 

fclose(fp); 

/* °P en myfile for input */ 
if((fp = fopen("myfile", "r"))==NULL) { 
printf ("Cannot open file\n"); 

• exit(1); 

1 

/* read back the file */ 
for (; ;) { 

i = fgetc(fp); 
if(i == EOF) break; 
putchar(i); 

} 

fclose(fp); 

} 

In this version, the return value of fgetc() is as¬ 
signed to an int. The value of this integer is then 
checked to see if the end of the file has been reached. 
For most compilers, however, you can simply assign 
the value returned by fgetc() to a char and still check 
for EOF, as is shown in the following version. 

#include "stdio.h" 

#include "stdlib.h" 

char str[80] = "This is a file system test"; 


void main(void) 

{ 

FILE *fp; 
char ch, *p; 
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/* open myfile for output */ 
if((fp » fopen("myfile", "w"))—NULL) ( 
printf ("Cannot open file\n")/ 
exit(1); 

) 

/* write otr to disk */ 
p - otr; 
v/liilo (■'p) ( 

if (fputc ( *p, fp) —EOF) ( 

printf("Error writing file\n"); 
exit (1); 

) 

p++; 

) 

fclose(fp); 

/* open myfile for input */ 
if((fp = fopen("myfile", "r"))==NULL) ( 
printf("Cannot open file\n") ; 
exit(1) ; 

) 

/* read back the file */ 
for(; ;) ( 

1 ch = fgctc (fp) ; . •" 

if (ch == EOF) break; 
putchar(ch); 

) 

fclo3e(fp); 

) 

(The reason this approach works with most compil¬ 
ers is that when a char is being compared to an int, 
the char value is automatically elevated to an equiv¬ 
alent int value. When doing this, most compilers 
assume that the character is signed and automati¬ 
cally provide an equivalent integer value.! 

There is, however, even a better way to code this 
program. For example, there is no need for a separ¬ 
ate comparison step because the assignment and the 
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comparison can be performed at the 
within the if, as shown here. % 


same time, 


♦include "stdio.h" 
♦include "stdlib.h" 


char str[801 » ^ ■, 

i ini 3 13 a file system test 

void main(void) 

t 

FILE *fp; 
char ch, *p; 

/* open myfile for output */ 
if((fp = fopen("myfile", "w"))~=NULL) ( 
printf("Cannot open file\n")/ 
exit(1); 

) 

/* write atr to disk */ 
p = str; 
while(*p) ( 

if (fputc (*p, fp) ==*EOF) ( 

printf("Error writing file\n"); 
exit (1); 

) 

P++; 

) 

fclose(fp); 

/* oi;en myfile for input */ 
if((fp = fopen("myfile", »r"))==NULL) ( 

printf("Cannot open file\n"); 
exit(1); 

) 

/* read back the file */ 
for(; ;) ( 

if ( (ch => fgetc(fp)) =* EOF) break; 
putchar(ch); 

) 

fclose(fp); 

) 
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l 'on't let the statement 

if((ch » fqetc(fp)) »«* EOF) break; 

fool you. Here's what is happening. First, inside the 
if, the return value of fgetc() is assigned to ch. As 
you may recall, the assignment operation in C is an 
expression. The entire value of (ch = fgctc(fp)) is 
equal to the return value of fgclc(). Therefore, it is 
this integer value that is tested against EOF. 

Expanding upon this approach, you will nor¬ 
mally see this program written by a professional C 
programmer as follows: 

(/include "stdio.h" 

(/include "stdlib.h" 

cha'* str[00] = "This is a file system test"; 

void main(void) 

( 

FILE *fp; 
char ch, *p; 

/* open myfile for output */ 
if((fp = fopen("myfile", ”w"))==NULL) ( 

printf("Cannot open file\n"); 
exit (1) ; 

) 

/* write str to disk */ 
p = str; 
while(*p) 

if(fputc(*p++, fp)==EOF) { 

printf("Error writing file\n"); 
exit (1); 

) 

fclose (fp); 

/* open myfile for input */ 

if((fp = I open("myfile", "r") )==NULL) ( 
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printf ("Cannot open filc\n"): 
exit(1); 

) 


/* read back the file */ 
while ((ch <= fgetc(fp)) , = 
fclose(fp); 

) 


EOF) putchar(ch) ; 


Notice that now, each character is read, assigned to 
ch, and tested against EOF, all within the expression 
of the while loop that controls the input process. If 
you compare this with the original version, you can 
see how much more efficient this one is. In fact, the 
ability to integrate such operations is one reason C 
is so powerful. It is important that you get used to 
the kind of approach just shown. Later on in this 

book we will explore such assignment statements 
more fully. 

2. The following program takes two command-line 
arguments. The first is the name of a file, the second 
is a character. The program searches the specified 
file, looking for the character. If the file contains at 
least one of these characters, it reports this fact. 
Notice how it uses argv to access the file name and 
the character for which to search. 


/* Search specified file for specified 
^include "stdio.h" 

^include "stdlib.h" 


character. 



void main(int arge, char *argv[]) 

FILE *fp; 
char ch; 


see ij. correct number of command line 
arguments 

*/ 


Scanned by CamScanner 


298 Teach Yourself C 


if(^rgc!=3) { 

printf ("Usage: find <filen?.me> <ch>\n"); 
exit(1); 

} 

/* open file for input */ 
if((fp = fopen(argv[1], "r")) -—NULL) { 
printf("Cannot open file\n”); 
exit(1); 

) 

/* look for character */ 
while ( (ch = fgetc(fp)) != EOF) 
if (ch==*argv[2]) ( 

! printf("%c found”, ch)/ 
break; 

} 

fclose(fp); 

) 

Exercises 

1. Write a program that displays the contents of the 
text file specified on the command line. 

2. Write a program that reads a text file and counts 
how many times each letter from 'A' to 'Z' occurs. 
Have it display the results. (Do not differentiate 
between upper- and lowercase letters.) 

3. Write a program that copies the contents of one text 
file to another. Have the program accept three com¬ 
mand-line arguments. The first is the name of the 
source file, the second is the name of the destination 
file, the third is optional. If present and if it equals 
"watch," have the program display each character as 
it copies the files; otherwise, do not have the pro¬ 
gram display any screen output. If the destination 
file does not exist, create it. 
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UNDERSTAND feof() AND ferror() 

As you know, when fgetc() returns EOF, either an error 
has occurred or the end of the file has been reached, but 
how do you know which event has occurred? Further, 
if you are operating on a binary file, all values are valid. 
This means it is possible that a byte will have the same 
value (when elevated to an int) as EOF, so how do you 
know if valid data has been returned or if the end of the 
file has been reached? The solution to these problems 
are the functions feof() and ferror(), whose prototypes 
are shown here. 

int feof(FILE *fp); 
int ferror(FILE *fp ); 

i"’ 

The feof() function returns non-0 if the file associated 
with fp has reached the end of the file. Otherwise it 
returns 0. This function works for both binary files and 
text files. The ferror() function returns non-0 if the file 
associated with fp has experienced an error; otherwise, 
it returns 0. 

Using the feof() function, this, code fragment shows 
how to read to the end of a file. 

FILE *fp; 


while(Ifeof(fp)) fgetc(fp); 

This code works for any type of file and is better in 
general than checking for EOF. However, it still does 
riot provide any error checking, as illustrated here. 
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FILE *fp; 


while(!feof(fp)) { 
fgetc(fp); 
if(ferror(fp)) { 

printf("file error\n") ; 
break; 

} 

) 

Keep in mind that ferror() only reports the status of the 
file system relative to the last file access. Therefore, to 
provide the fullest error checking, you must call it after 
each file operation. 

The most damaging file errors occur at the operat¬ 
ing-system level. Frequently, it is the operating system 
that intercepts these errors and displays its own error 
messages. For example, if a bad sector is found on the 
disk, most operating systems will, themselves, stop the 
execution of the program and report the error. Often the 
only types of errors that actually^et passed back to your 
program are relatively minor. Perhaps these errors have 
occurred because some bug in your program has caused 
a file to be accessed in a way inconsistent with the mode 
used to open it or an out-of-range condition has oc¬ 
curred. For this reason, you will frequently see exam¬ 
ples of C code in which there are relatively few (if any) 
calls to ferror(). Not all of the file system examples in 
this book will provide full error checking, mostly in the 
interest of keeping the programs short and easy to 
understand. However, if you are writing programs for 
actual use, you should pay special attention to error 
checking. 
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Examples 

i 

i 

. i 

1. This program copies any type of file, binary or text. 

It takes two command-line arguments. The first is 
the name of the source file, the second is the name 
of the destination file. If the destination file does not 
exist, it is created. It includes full error checking. 

(You might want to compare this Version with the 

copy program you wrote for text files ih the preced¬ 
ing section.) 

/* Copy a file. */ 

♦include ' r stdio.h" 

♦include "stdlib.h" 

void main(int argc, char *argv[]) 

{ 

FILE *from, *to; 
char ch; 

/* see if correct number of command line 
arguments 

*/ 

if(argc!=3) { 

printf("Usage: copy <source> <destination>\n"); 
exit (1); 

) 

/* open source file */ 

if((from = fopen(argv[1] , "rb" ))==NULL) ( 
printf("Cannot open source file\n"); 
exit(1); 

) 

/* open destination file */ 
if ( (to = fopen (argv [2 ], "wb"))==NULL) { 
printf("Cannot open file\n"); 
exit ( 1 ) ; 

) 
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/* copy the file */ 
while(!feof(from)) ( 

ch = fgetc(from); 
if (ferror(from)) { 

printf("error reading source file\n )/ 
exit(1); 

) 

if(!feof(from)) fputc(ch, to); 
if (ferror(to)) ( 

printf ("error v/riting destination file\n ), 
exit(1) ; 

} 

) 

fclose(from); 
fclose (to); 

) 

2. This program compares the two files whose names 
are specified on the command line. It either prints 
Files are the same, or it displays the byte of the first 
mismatch. 

/* Compare files. */ 

/(include "stdio.h" 

/(include "stdlib.h" 

void main(int arge, char *argv[]) 

{ 

FILE *fpl, *fp2; 
char chi, ch2, same; 
unsigned long 1; 

/* see if correct number of command line 
arguments 

*/ 

if(arge!=3) ( 

printf("Usage: compare <file 1> <file 2>\n"); 
exit (1); 

) 

/* open first file */ 

if((fpi = fopen(argv[l], "rb"))==NULL) ( 
printf("Cannot open source file\n"); 
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exit (1) ; 

) 

/* open second file */ 
if ( (fp2 = fopen(argv[2], "rb"))==NULL) { 
printf("Cannot open file\n"); 
exit(1); 

} 

1 = 0 ; 
same = 1; 

/* compare the files */ 
while(!feof(fpi)) { 
chi = fgetc(fpl); 
if (ferror(fpl) ) { 

printf("error reading first file\n") ; 
exit(1); 

} 

ch2 = fgetc(fp2); 
if(ferror(fp2)) { 

printf("error reading second file\n"); 
exit(1); 

) 

if(chi!=ch2) ( 

printf("Files differ at byte number %ul", 1); 

same = 0; 

break; 

) 

1 ++; 

'} 

if(same) printf("Files are the same."); 

fclose(fpl); 
fclose(fp2); 


Exercises 

Write a program that counts the number of bytes in 
a hie (text or binary) and displays the result. Have 
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the user specify the file to count on the command 
line. 

2. Write a program that exchanges the contents of the 
two files whose names are specified on the com¬ 
mand line. That is, giver, two files called F1LE1 and 
FILE2, after the program has run, FILE1 will contain 
the contents that originally were in FILE2, and FILE2 
will contain FILETs original contents. (Hint: Use a 
temporary file to aid in the exchange process.) 

9 A LEARN SOME HIGHER-LEVEL 
• Q TEXT FUNCTIONS 


When working with text files, C provides four functions 
which make file operations easier. The first two are 
called fputs() and fgets(), which write a string and 
read a string from a file, respectively' Their prototypes 
are 

int fputs(char *str, FILE *fp ); 
char_*fgets(char *str, int num, FILE *fp); 

\ 

The fputs() function- writes the string pointed to by 
sir to the file associated with fp. It returns EOF if an error 
occurs and a non-negative value if successful. The null 
that terminates str is not written. Also, unlike its related 
function puts() it does not automatically append a 
carriage-return/linefeed sequence. 

The fgets() function reads characters from the file 
associated with fp into the string pointed to by str until 
num-1 characters have been read, a newline character 
is encountered, or the end of the file.ic reached. In any 
case, the string is null-terminated. Unlike its related 
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function gets(), the newline character is retained. The 
function returns str if successful and a null pointer if an * 
error occurs. 

The C file system contains two very powerful func¬ 
tions similar to two you already know. They are fprintf() 
and fscanf(). These functions operate exactly like 
printf() and scanfl) except that they work with files. 

Their prototypes are 

inf fprintf(FILE *fp, char *control-string ,...); 
int fscanf(FILE *fp, char *contw!-string ,...); 

Instead of directing their I/O operations to the console, 
these functions operate on the file specified by/p. Oth¬ 
erwise their operations are the same as their console- 
based relatives. 

The advantage to fprintf() and fscanf() is that they 
make it very easy to write a wide variety of data to a file 
using a text format. 

Examples 

1. This program demonstrates fputs() and fgets(). It 
reads lines entered by the user and writes them to 
the file specified on the command line. When the 
user enters a blank line, the input phase terminates, 
and the file is closed. Next, the file is reopened for 
input, and the program uses fgets() to display the 
contents of the file. 

♦include "stdio.h" 

♦include "stdlib.h" 

♦include "string.h" 

void main(int argc, char *argv[]) 

{ 

FILE *fp; 
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char str[80]; 

/* check for command line arg */ 
if(argc!=2) { 

printf("specify file name\n"); 
exit(1); 

} 

. /* open file for output */ 

• ,if((fp = fopen(argv[l], "w"))==NULL) ( 

printf("Cannot open file\n"); 
exit(1) ; 

) 

printf("Enter a blank line to stop\n"); 
do { 

printf(": "); 
gets (str); 

strcat(str, "\n"); /* add newline */ 
if(*str!='\n') fputs(str ; fp) ; 

) while (*str!='\n'); 
fclose(fp); 

/* open file for input */ 
if((fp - fopen (argv[1 ], "r"))==NULL) { 

printf ("Cannot open file\n"); 
exit (1); 

) 

/* read back the file */ 
do { 

fgets(str, 79, fp); 

- printf(str); 
pv/hile (! feof (fp)) ; 
fclose(fp); 

} 

2. This program demonstrates fprintf() and fscanf(). 
It first writes a double, an int, and a string to the file 
specified on the command line. Next, it reads them 
back and displays their values as verification. If you 
examine the file created by this program, you will 
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see that it contains human-readable text. This is 
because fprintf( ) writes to a disk file what printff) 
would write to the screen. No internal data formats 
are used. 

#include "stdio.h" 

([include "stdlib.h" 

#include "string.h" 

void main(int argc, char *argv[]) 

( 

FILE *fp; 
double Id; 
int d; 

char str [80]; 

/* check for command line arg */ 
if (argc!=2) { 

printf("specify file name\n”); 
exit(1); 

1 

/* open file for output */ 
if((fp = fopen(argv[1]/ "w"))==NULL) { 

printf("Cannot open file\n"); 
exit(1); 

) 

fprintf (fp. "%lf id »*”. 123-15.342, 1908, 
fclose(fp); 

/* open file for input */ 
if((fp = fopen(argv[1]/ "r")) NULL) ( 

printf ("Cannot open file\n"); 
exit(1); 

) 

f 3 canf(fp# "%lf%d%s", £ld, &d, str) ; 
printf("%lf %d %3"» Id, d, str) ; 
fclose (fp); 

) 


hello"); 
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Exercises 

1. In Chapter 6 you wrote a very simple telephone-di- 
rectory program. Write a program that expands on 
this concept by allowing the directory to be saved to 
a disk file. Have the program present a menu that 
looks like this: 

1. Enter names and numbers 
, 2. Find numbers 

3. Save directory to disk 

4. Load directory from disk 

5. Quit 

The program should be capable of storing 100 names 
and numbers. (Use only first names if you like.) Use 
fprintf() to save the directory to disk and fscanf() 
to read it back into memory. 

2. Write a program that uses fgels() to display the 
contents of a text file, one screenful at a time. After 
each screen is displayed, have the program prompt 
the user for more. 

3. Write a program that copies a text file. Specify both 
the source and destination file names on the com¬ 
mand line. Use fgets() and fputs() to copy the file. 

f Include full error checking. 

• i 

i * 

Q c LEARN TO READ AND 
y . D WRITE BINARY DATA 

As useful and convenient as fprintf( ) and fscanf( ) are, 
they are not necessarily the most efficient way to read 
and write data to a file. The reason for this is that both 
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functions perform conversions on the data. For exam¬ 
ple, when you output a number using fprintff) the 
num er is converted from its internal format into ASCII 
text. Conversely, when you read a number using fscanff), 
it must be converted back into its internal representa¬ 
tion. For many applications, this conversion time will 
not be meaningful; for others, it will be a severe limita- 
tion. Further, for some types of data, a file created by 
fprmtfO will also be larger than one that contains a 
mirror image of the data using its internal format. For 
these reasons, the C file system includes two important 
functions: freadf) and fwritef). These functions can 
read and write any type of data, using any kind of 
representation. Their prototypes are 

size_t fread(void 'buffer, size_t size, size_t num, FILE *fp ); 
size_t fwrite(void 'buffer, size_t size, size_t num, FILE *fp ); 

As you can see, these prototypes introduce some unfa¬ 
miliar elements. However, before discussing them, a 
brief description of each function is necessary. 

The fread() function reads from the file associated 
with fp, num number of objects, each object size bytes 
long, into the buffer pointed to by buffer. It returns the 
number of objects actually read. If this value is 0, no 
objects have been read, and either the end of the file has 
been encountered or an error has occurred. You can use 
feoff) or ferror() to find out which. 

The fwritef) function is the opposite of freadf). It 
writes to the file associated with fp, num number of 
objects, each object size bytes long, from the buffer 
pointed to by buffer. It returns the number of objects 
written. This value will be less than num only if an 
output error has occurred. 
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Before looking at any examples, let's take a look at 
the concepts introduced by the functions' prototypes. 

The first concept is that of the void pointer. A void 
pointer, simply put, is a pointer that can point to any 
type of data without the use of a type cast. This is 
generally referred to as a generic pointer. In C, void 
pointers are used for two primary purposes. First, as 
illustrated by fread() and fwrile(), they are a way for 
a function to receive a pointer to any type of data 
without causing a type mismatch error. As stated ear¬ 
lier, fread() and fwrite() can be used to read or write 
any type of data. Therefore, the functions must be capa¬ 
ble of receiving any sort of data pointed to by buffer. This 
is why void pointers were invented. A second purpose 
they serve is to allow a function to return a generic 
pointer. You will see an example of this later in this 


book. . , 

The second new concept is the type size_t. This type 

is defined in the STDIO.H header file. A variable of this 
type is defined by the ANSI C standard as being able to 
hold a value equal to the size of the largest object 
supported by the compiler. For our purposes, you c.a 
think of size t as being the same as unsigned or un¬ 
signed long. The reason that size_t is used instead of 
i(^equivalent built-in type is to allow C compilers run¬ 
ning in different environments to accommodate the 

needs and confines of those environments 

As a simple example, this program writes an mteg 

value to a file called MYFILE using lts ^ 

representation. (The program assumes that integers 

two bytes long.) 
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(finclude "stdio.h" 

<(include "atdlib.h" 

void main(void) 

I 

FILE *fp; 
int i; 

/* open file for output */ 
if((fp - fopen("myfile", "w"))-°NULL) ( 
printf("Cannot open file\n"); 
exit(1); 

) 

i - 100; 

if(fwrite(&i, 2, 1, fp)!-l) ( 

printf("Write error occurred") ; 
exit(1); 

) 

fclose(fp); 

/* open file for input */ 
if((fp = fopen ("myf ile", "r") ) «MULL) ( 
printf("Cannot open file\n"); 
exit (1); 

) 

• • 

if(fread(&i/ 2, 1, fp)!=1) ( 
printf("Read error occurred"); 
exit(1); 

) 

printf("i is %d", i)/ 
fclose(fp); 

) 

Notice how error checking is easily performed in this 
program by simply comparing the number of items 
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written or read with that requested. In some situations, 
however, you will still need to use feof() or ferror() to 
determine if the end of the file has been reached or if an 
error has occurred. 

; One thing wrong with the preceding example is that 
an assumption about the size of an integer has been 
made and is hardcoded into the program. Therefore, 
this program will not work properly with compilers 
that use four-byte integers, for example. More gener¬ 
ally, the size of many different types of data changes 
between systems or is difficult to determine manually. 
For this reason, C includes the keyword sizeof, which 
is a compile-time operator that returns the size, in bytes, 
of the type or variable that follows it. It takes the general 
forms 

sizeof (type) 
or 

sizeof varjiame; 

For example, if floats are four bytes long and f is a float 
variable, the following statements evaluate to 4. 

t 

sizeof f; 
sizeof (float); 

When using sizeof with a type, the type must be en¬ 
closed between parentheses. No parentheses are need¬ 
ed when using a variable name, although the use of 
parentheses is not an error. 

By using sizeof, not only do you save yourself the 
drudgery of computing the size of some object by hand. 
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but you also ensure the portability of your code to new 
environments. An improved version of the preceding 
program is shown here, using sizeof. 


♦include "stdio.h" 

♦include "stdlib.h" 

* 

void main(void) 

{ 

FILE *fp; 
int i; 

/* open file for output */ 
if ((fp = fopen("myfile", "w”))==NULL) ( 
printf("Cannot open file\n") ; 
exit(1); 

) 

i = 100; 

if(fwrite(&i, sizeof(int), 1, fp)!-l) ( 

printf("Write error occurred"); 
exit(1); 

) 

fclose(fp); 

/* open file for input */ 

if ((fp = fopen ("myfile", "r"))==NULL) { . 

printf("Cannot open file\n"); 
exit(1); 

) 

if(fread(6i, sizeof i, 1/ fp) ^ 

printf("Read error occurred"); 

exit(1) ; 

) 

printf("i is %d", i); 
fclose(fp); 

) 
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Examples 

1. This program fills a ten-element array with floating-, 
point numbers, writes them to a file, and then reads 
them back. This program writes each element of the 
array separately. Because binary data is being writ 
ten using its internal format, the file must be opened 
for binary I/O operations. 

#include "stdio.h" 

#include "stdlib.h" 

double d[10] = ( 

10 . 23 , 19 . 87 , 1002 . 23 , 12 . 9 , 0 . 897 , 

11 . 45 , 75 . 34 , 0 . 0 , 1 . 01 , 875.875 


void main(void) 

{ 

int i; 

FILE *fp; 

i f (( fp = fopen("myfile", "wb”))==NULL) { 
printf("cannot open file"); 
exit(1); 

) 

for(i=0; i<10; i++) 

if(fwrite(&d[i], sizeof(double) f 1, fp)!=1) ( 

printf("write error"); 
exit(1); 

) 

fclose(fp); 

if((fp = fopen("myfile", "rb"))==NULL) { 
printf("cannot open file"); 
exit (1); 

) 

/* clear the array */ 
for(i=0; i<10; i++) d(i] = -1.0; 
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for(i=0; i<10; i++) 

if(fread(&d[i], sizeof(double), 1, fp)!=1) ( 
printf("read error"); 
exit(1); 

} 

fclose(fp); 

/* display the array */ 

for(i=0; i<10; i++) printf("%lf ", d[i]) ; 

) 

2. The following program does the same thing as the 
first, but here only one call to fwrite() and fread() 
is used because the entire array is written in one step, 
which is much more efficient. This example helps 
illustrate how powerful these functions are. 

#include "stdio.h" 
tfinclude "stdlib.h" 

double d[10] = ( 

10 . 23 , 19 . 87 , 1002 . 23 , 12 . 9 , 0 . 897 , 

11 . 45 , 75 . 34 , 0 . 0 , 1 . 01 , 875.875 

); 

void main(void) 

( 

int i; 

FILE *fp; 

if ((fp = fopen ("myfile". "wb") (“NULL) ( 
printf("cannot open file"); 
exit(1); 

) 

/* write the entire array in one step */ 
if(fwrite(d, sizeof d, 1< £ P>• 

printf (’-’write error"); 
exit (1); 

) 

fclose(fp); 

rjin" "rb") ) ■-=NULL) ( 

if((fp = fopen("myflie , rD > 1 
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printf("cannot open file")/ 
exit (1) ; 

) 

/* clear the array */ 

for(i=0; i<10; i++) d[i] = -1.0; 

/*,read the entire array in one step */ 
if(fread(d, sizeof d, 1, fp)!=l) ( 
printf("read error"); 
exit (1); 

} 

fclose(fp); 

/* display the array */ 

for(i=r0; i<10; i++) printf ("%lf "/ d[i]); 

) 


Exercises 

1. Write a program that allows a user to input as many 
double values as desired (up to 32,767) and writes 
them to a disk file as they are entered. Call this file 
VALUES. Keep a count of the number of values 
entered, and write this number to a file called 
COUNT. 

2. Using the file you created in Exercise 1, write a 
program that first reads the number of items in 
VALUES from COUNT. Next, read the number of 
values in VALUES and display their average. 

9.5 UNDERSTAND RANDOM ACCESS 


So far, the examples have either written or read a file 
sequentially from its beginning to its end. However, 
using another of C's file system functions, you can 
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access any point in a file at any time. The function that 
lets you do this is called fseekf), and its prototype is 

int fseekfFILE *fp, long offset, int origin); 

| Here, fp is associated with the file being accessed. The 
value of offset determines the number of bytes from 
origin to make the new current position, Origin must be 
one of these macros, shown here with their meanings. 

Meaning 

Seek from start of file 
Seek from current location 
Seek from end of file 

These macros are defined in STDIO.H. For example, if 
you wanted to make the current location 100 bytes from 
the start of the file, then origin will be SEEK_SET and 
offset will be 100. 

The fseek() function returns 0 when successful and 
non-0 if a failure occurs. In most implementations, you 
ma y seek past the end of the file, but you may never 
seek to a point before the start of the file. 

You can determine the current location of a file 
using ftell(), another of Cs file system functions. Its 
prototype is 

l °ng f tell (FILE *fp); 

It returns the location of the file position indicator with- 
ln ^e file associated with fp. If a failure occurs, it returns 

In general, you will want to use random access only 
° n binary files. The reason for this is simple. Because 
text files may have character translations performed on 


Value of Origin 
SEEK_SET 
SEEK_CUR 
SEEK_END 
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them, there may not be a direct correspondence, be¬ 
tween what is in the file and the byte to which it would 
appear that you need to seek. The only time you should 
use fseek() with a text file is when seeking to a position 
previously determined by ftell(), using SEEK_SET as 
the origin. 

Remember one important point: Even a file that 
contains only text can be opened as a binary file, if you 
like. There is no inherent restriction about random ac¬ 
cess on files containing text. The restriction applies only 
to files opened as text files. 

Examples 

1. The following program uses fseek() to report the 
value of any byte within the file specified on the 
command line. 

#include "stdio.h" 

#include "stdlib.h" 

void main(int arge, char *argv[]) 

{ 

long loc; 

FILE *fp; 

/* see if filename is specified */ 
if(arge!=2) { 

printf("File name missing")/ 
exit (1); 

) 

if((fp = fopen(argv[l], "rb")) ==NULL) { 
printf("cannot open file"); 
exit (1) ; 

) 
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printf( Enter byte to seek tor M ); 
scanf("%ld" f Sloe); 
if(fseek(fp, loo, SEEK_SET)) { 

printf("seek error")7 

exit (1) ; 

} 


printf("Value at loc %ld is %d", 
fclose(fp); 

) 


loc, getc(fp)); 


2. The following program uses ftell() and fseek() to 
copy the contents of one file into another in reverse 
order. Pay special attention to how the end of the 
input file is found. Also, notice that many files are 
terminated by an end-of-file marker, which must 
not be copied. This is true especially for text files. For 
this reason, the program backs up, so that the cur¬ 
rent location of the file associated with in is on the 
last actual character in the file. 

/* Copy a file in reverse order */ 

#include "stdio.h" 

#include "stdlib.h" 


void main(int arge, char *argv[]) 
( 

long loc; 

FILE *in, *out; 
char ch; 


/* see if filename is specified */ 
if(arge!=3) { 

printf("File name missing"); 
exit (1); 


if((in = fopen(argv[1], "rb")) ==NULL) { 
printf("cannot open file"); 
exit(1) ; 
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1 

if((out = fopen(argv[2], "wb")) ==NUL£) ( 

printf("cannot open file")/ 
exit(1); 

) 

/* find end of source file */ 
fseek(in, 0L ; SEEK_END); 
loc = ftell (in); 

/* copy file in reverse order */ 

loc = loc-2; /* back up past end-of-file mark */ 
while(lpc>=0L) ( 

fseek(in, loc, SEEK_SET); 
ch = fgetc (in); 
fputc(ch, out); 
loc—; 

) 

fclose(in); 
fclose(out); 

} ' 

:?'U~ 

3. This program writes ten double values to disk. It 
then asks you which one you want to see. This 
example shows how you can access data of any type. 

You simply need to multiply the size of the base data 
type by its index in the file. You will see more 
examples of this procedure in the next chapter. 

#include "stdio.h" 

#include "stdlib.h" 

double d[10] = ( 

10.23, 19.87, 1002.23, 12.9, 0.897, 

11.45, 75.34, 0.0, 1.01, 875.875 


void main(void) 

( 

long loc; 
double value; 
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FILE *fp; 


if((fp = 


topen ( n mvf »,,w..v 4 
„ uiytue , wb") ) ==NULL) { 


1 


* —* "wb 

P-intr("cannot open file")• 
exit(l); 


. . e ent i r e array in one step */ 

it(fwrite (d, sizeof d, 1 , fp)!= 1 ) ( 

P^-i^tf ("write error"); 
exit(1); 

1 

fclose(fp); 


if ( (fp = fopenC'myfile", "rb")) ==NULL) ( 
printf("cannot open file") ; 
exit(1); 

} 

printf("Which element? "); 

scanf("lid", &loc) ; 

if(fseek(fp, loc*sizeof(double), SEEK_SET)) { 
printf("seek error"); 
exit (1); • 

) 

fread(&value, sizeof(double), 1, fp) ; 

printf("Element %ld is %lf", loc, value); 

fclose(fp); 


Exercises 

1 * Write a program that uses fseek( ) to display every 
other byte in a text file. (Remember, you must open 
the text file as a binary file in order for fseek( ) to 
work properly.) Have the user specify the file on the 
command line. 
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2. Write a program that searches a file, specified on the 
command line, for a specific integer value (also spe 
cified on the command line). If this value is found, 
have the program display its location, relative, in 
bytes, to the start of the file. 


q rj LEARN ABOUT VARIOUS 
7./ FILE-SYS TEM FUNCTIONS 

You can erase a file using remove(). Its prototype is 
int remove(char * file-name); , 

' r . 

This function will erase the file whose name matches 
that pointed to by file-name . It returns 0 if successful and 
non-0 if an error occurs. 

You can position a file's current location to the start 
of the file using rewind. Its prototype is 

void rewind(FILE *fp); 

It rewinds the file associated with fp. The rewind() 
function has no return value, because any file that has 
been successfully opened can be rewound. 

Although seldom necessary because of the way C's 
file svstem works, you can cause a file's disk buffer to 
be flushed using fflush(). Its prototype is 

int fflush(FILE fp); 

It flushes the buffer of the file associated with fp. The 
function returns 0 if successful, EOF if a failure occurs. 
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If you call fflush() using a null, all existing disk buffers 
are flushed. 


Examples 

1. This program demonstrates remove(). It prompts 
the user for the file to erase and also provides a 
safety check in case the user entered the wrong 
name. 

^include "stdio.h” 

#include "stdlib.h" 

#include "conio.h" 

#include "ctype.h" 

void main(void) 

{ 

char fname(80]; 

printf("Enter name of file to erase: ")/ 
gets(fname); 

printf("Are you sure? (Y/N) "); 
if (toupper (getcheO 1=='Y' ) remove (fname) ; 

) * - 

2. The following program demonstrates rewind() by 
displaying the contents of the file specified on the 

command line twice. 

#include "stdio.h" 
tinclude "stdlib.h" 

void main(int argc/ char *arg/[]) 

( 

FILE *fp; 

/* see if filename is specified */ 
if(argc!=2) ( 

printf ("File name missing"); 
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exit (1) ; 

) 

if((fp = fopen(argv[1], "r"))==NULL) ( 
printf("cannot open file"); 
exit (1); 

) 

/* show it once */ 

while(!feof(fp)) 
putchar(getc(fp)); 

» 

rewind(fp); 

/* show it twice */ 

while(!feof(fp) ) 
putchar(getc(fp)) ; 

fclose(fp); 

) 

3. This fragment causes the buffer associated with fp 
to be flushed to disk. 

FILE *fp; 


fflush(fp); 


Exercises 

1. Improve the erase program so that it notifies the user 
if he/she tries to remove a nonexistent file . 

2. On your own, think of ways that rewind* ) and 
fflush*) could be useful in real applications. 
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When a C program begins execution, three streams are 
automatically opened and available for use. These 
streams are called standard input (stdin); standard output 
(stdout), and standard error (stderr). By default, they 
refer to the console, but in environments that support 
redirectable I/O, they may be redirected by the operat- 
ing system to some other device. 

Normally, stdin inputs from the keyboard; stdout 
and stderr write to the screen. These standard streams 
are FILE pointers and may be used with any function 
that uses a variable of type FILE *. For example, you can 
use fprintf!) to print formatted output to the screen. 
The following two statements are functionally the same. 


fprintf(stdout, "%d %c %s", 100, ' c' , "this is a string"); 
printf("%d %c %s", 100, 'c', "this is a string"); 

One important point: stdin, stdout, and stderr are 
not variables. They may not be assigned a value using 
fopen(), nor should you attempt to close them using 
fclose(). These streams are maintained internally by the 
compiler. You are free to use them-, but not to change 
them. 

In actuality, C makes little distinction between con¬ 
sole I/O and file I/O. As just described, it is possible to 
perform console I/O using several of the file-system 
functions. However, it is also possible to perform disk 
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file I/O using console I/O functions, such as printf()!. 
Here's why. 

All of the functions described in Chapter 8 and 
referred to as "console I/O functions" are actually spe¬ 
cial-case file-system functions that operate on stdin and 
stdout. The "console" I/O functions are simply conve¬ 
niences for you, the programmer. As far as C is con¬ 
cerned, the console is simply another hardware device. 
You don't actually need the "console" functions to ac¬ 
cess the console. Any file-system function con access it. 
(Of course, nonstandard I/O functions like getche() are 
differentiated from the standard file-system functions 
and do, in fact, operate only on the console.) In environ¬ 
ments that allow redirection of I/O, stdin and stdout 
could refer to devices other than the keyboard and 
screen. When this is done, you can use a "console I/O 
function to write to a disk file, for example. 


Examples 

1. Consider this program. 

#include "stdio.h” 

void main (void) < 

( 

char str[80]; 

printf("this is an example of redirection"); 

} 

Assume that this program is called TEST. If you 
execute TEST normally, it displays the string on the 
screen. However, if an environment supports redi- 
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rection of I/.O/stdouI can be redirected to a file. For 
example, in a DOS, OS/2, or UNIX environment, 
executing TEST like this 

TEST > OUTPUT 

causes the output of TEST to be written to a file 

called OUTPUT. You might want to try this now for 
yourself. 

2. Input can also be redirected. For example, consider 
the following program: 

#include "stdio.h" 

void main(void) 

{ 

int i; 

scanf("%d", &i); 
printf("%d", i); 

■ » * 

Assuming it is called TEST, executing it as 

TEST < INPUT 

causes stdin to be directed to the file called INPUT. 
Assuming that INPUT contained the ASCII repre¬ 
sentation for an integer, the value of this integer will 
be read from the file and prin'ed on the screen. 

Exercise 

1. Write a program that copies the contents of one text 
file to another. However, use only "console" I/O 
functions and use redirection to accomplish the file 
copy. 
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EXERCISES 


Before continuing, you should be able to answer these 
questions and complete these exercises. 

1. Write a program that displays the contents of a text 
file (specified on the command line), one line at a 
time. After each line is displayed, ask the user if 
he/she wants to see another line. 


MASTERY 
SKILLS CHECK 



2. Write a program that copies a text file. Have the user 
specify both file names on the command line. Have 
the copy program convert ail lowercase letters into 
uppercase ones. 


3. What do fprintf() and fscanf() do? 

4. Write a program that uses fwriteO to write 100 
randomly generated integers to a file called RAND. 

5. Write a program that uses fread() to display the 
integers stored in the file called RAND, created in 

. Exercise 4. 


6. Using the file called RAND, write a program that 
uses fseek() to allow the user to access and display 
the value of any integer in the file. 

7. How do the "console" I/O functions relate to the file 
system? 

i 

i 

EXERCISES 


This section checks how well you have integrated the 
material in this chapter with that from earlier chapters. 


INTEGRATING 
NEW SKILLS 
CHECK 
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1. Enhance the card-catalog program you wrote in 
Chapter 8 so that it stores its information in' a disk 
file called CATALOG. When the program begins, 
have it read the catalog into memory. Also, add an 
option to save the information to disk. 

2. Write a program that copies a file. Have the user 
specify both the source and destination files on the 
command line. Have the program remove tab char¬ 
acters, substituting the appropriate number of 
spaces. 

3. On your own, create a small database to keep track 
of anything you desire—your record collection, for 
example. 
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CHAPTER OBJECTIVES 


10.1 Master structure basics 

10.2 Declare pointers to structures 

10.3 Work with nested structures 

10.4 Understand bit-fields 

10.5 Create unions 
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In this chapter you will learn about two of C's most 
important user-defined types: the structure and the 
union. 


331 
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EXERCISES 


Before proceeding you should be able to answer these skills check 
questions and perform these exercises. 

• ». • 

1. Write a program that copies a file. Have the user 
specify both the source and destination file names 
on the command line. Include.;full.error checking. 

4 * i 

2. Write a program using fprintf() to create a file that 

contains this information. ' ; ' 

• i 

this is a string 1230.23 1FFF A 

Use a string, a double, a hexadecimal integer, and 
character format specifiers and values. 

3. Write a program that contains a 20-element integer f 
array. Initialize the array so that it contains the 
numbers 1 through 20. Using only one fwriteO 
statement, save this array to a file called TEMP. 

4. Write a program that reads the TEMP file created in 
Exercise 3 into an integer array using only one fread() 
statement. Display the contents of the array. 

5. What are stdin, stdout, and stderr? 

6. How do functions like printf() and scanf() relate to 
the C file system? 

10.1 master structure ba sics 

A structure is a conglomerate data type that is com¬ 
prised of two or more related elements. Unlike arrays. 
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each element of a structure can have its own types, 
which may differ from the types of any other elements. 
Structures are defined in C using the general form 

struct tag-name ( 
type elementl; 
type element2; 
type element3; 


type elementN; 

) variable-list ; 

The keyword struct tells the compiler that a structure 
type is being defined. Here, each type is a valid C type. 
The types need not be the same. The tag-name is essen¬ 
tially the type name of the structure, and the variable-Hst 
is where actual variables of the structure are de clare d. 
Either the tag-name or the variable-list is optional, but one 
must be present! (You will see why shortly.) 

The elements of a structure are also commonly re-_ 
ferred to as fields or members. This book will use these 
terms interchangeably. 

Generally, the information contained in a structu re 
is logically related. For example, you might use a struc¬ 
ture to hold a person's address. Another structure 
might be used to support an inventory program in 
which each item's name, its retail and wholesale cost, 
and the number of each item on hand is stored*. The 
structure shown here expands the card-catalog example 
developed in the preceding two chapters. 
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struct catalog { 

char name [40]; /* author's name */ 
char title [40]; /* book ti£le */ 
char pub [40]; /* publisher */ 
unsigned date; /* publication date */ 
unsigned char ed; /* edition number */ 

} card; 

Here, catalog is the type name of the structure. It is not 
the name of a variable. The only variable defined by this 
structure is card. Figure 10-1 shows how this structure 
will appear in memory. 

To access a field with a structure variable, you must 
specify both the structure name and the field name, 
separated by a period. For example, using the card 
structure variable, the following statement assigns the 
date field the value 1992. 

card. date = 1992 ; 

/ 

C programmers often refer to the period as the dot 
operator. 

To print the date of publication, you can use a 
statement such as 

printf ("Publication date: %u", card.date); 


name 

40 bytes 

title 

40 bytes 

pub 

40 bytes 


date 

2 bytes 

ed 

2 bytes 


FIGURE 10-1. How the card structure variable appears in memory 
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To input the date, use a scanf() statement such as: 
3canf("%u", ficard.date); 

Notice that the & goes before the structure name, not 
before the field name. In a similar fashion, these state¬ 
ments input the author's name and output the title. 

gets(card.name); 


printf("%s", card.title); 

To access an individual character in the title field, 
simply index title. For example, the following state¬ 
ment prints the third letter. 

printf("%c", card.title[2]) ; 

Once you have defined a structure type, you can 
create more variables of that type using this general 
form. 

struct tagjname varjist ; 

Assuming, for example, that catalog has been defined 
as shown earlier in this section, this statement declares 
three variables of type struct catalog. 


struct catalog varl, var2, var3; 
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This is why it is not necessary to declare any variables 
when the structure type is defined. You can declare 

them separately, as needed. 

If you know you only need a fixed number of struc¬ 
ture variables, you do not need to specify the Lag name. 
For example, this code creates two structure variables, 
but the structure is unnamed. 

struct { 
int a; 
char ch; 

) varl, var2; 

In actual practice, however, you will seldom want to 
leave your structures nameless. 

Structures can be arrayed in the same fashion as 
other data types. For example, the following structure 
definition creates a 100-element array of structures of 
type catalog. ; - 

struct catalog cat[100]; 

I— 

To access an individual structure of the array, you must 
index the array name. t For example, the following 
• accesses the first structure. 

cat [0] , • ' •' ■< 


To access an element within a specific structure, follow 
tfie index with a period and the name of the element 
you want. For example, the following statement loads 
the ed field of structure 34 with the value 2. 

cat[33].ed • 2; 
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Structures may be passed as parameters to functions 
just like any other type of value. A function may also 
return a structure/ 7 

You may assign the contents of one structure vari¬ 
able to another structure variable of the same type. For 

example, this fragment is perfectly valid. 

» 

struct s_type [ 
int a; 
float f; 

} varl, var2; 

varl.a = 10; 
varl.f =100.23; 

var2 = varl; 

After this fragment executes, var2 wil l conta in exactly 
the same thing as varl. 

One final point: When you pass a structure to a 
function, the entire structure is passed using C's normal 
call-by-value parameter-passing convention. However, 
some very old C compilers may only pass a pointer to 
the structure in much the same way that pointers to 
arrays are passed. If you are using an older compiler, 
you will want to check on this point. 

Examples 

1. This program demonstrates some ways to access 
structure elements. 

#include "stdio.h" 

struct s_type l 
int i; 
char ch; 
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double d; 
char atr[80]; 

) s; 

)id main (void) 

{ 

printf ("Enter an integer: ") ; 
scanf ("%d", &s.i),- 
printf ("Enter a character: "); 
scanf (" %c", fis.ch) ; 

printf("Enter a floating point number: ”); 
scanf("%lf", &s .d)/ 
printf("Enter a string: ")/ 
scanf ("%s", s.str); 

printf("%d %c %lf %s" / s.i, s.ch, s.d, s.str); 

) 

2 . When you need to know the size of a structure, you 
should use the sizeof compile-time operator. Do not 
try to manually add up the number of bytes in each 
element. There are three good reasons for this. First, 
as you learned in the preceding chapter, using 
sizeof ensures that your code is portable to different 
environments. Second, in some situations, the com¬ 
piler may need to align certain types of data on even 
word boundaries. In this case, the size of the struc¬ 
ture will be larger than the sum of its individual 
elements. Finally, for 8086-based computers, there 
are several different ways the compiler can organize 
- memory. Some of these ways cause pointers to take 
up twice the space they do when memory is ar- 
ranged'differently. 

When using sizeof with a structure type, you 
mustprecede the tag name with tlhe keyword struct, 
as shown in this program. 
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♦include "stdio.h" 

struct s_type .{ 
int i; 
char ch; 
int *p; 
double d; 

1 s; 

void main(void) 

{ 

printf ("s_type is %d byte3 long", sizeof (struct 
s_type)); 

To see how useful arrays of structures are, examine 
an improved version of the card-catalog program 
developed in the preceding two chapters. Notice 
how using a structure makes it easier to organize the 
information about each book. Also notice how the 
entire structure array is written and read from disk 
in a single operation. 

/* An electronic card catalog. */ 

♦include "stdio.h" 

♦include "conio.h" 

♦include "string.h" 

♦include "stdlib.h" 

♦define MAX 100 

*• 

int menu(void); 
void display(int i); 

void author_search(void), title_search(void); 
void enter(void), save(void), load(void); 

struct catalog { 

char name[80]; /* author name */ 


t 
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char title[80]; /* title */ 
char pub[80]; /* publisher */ 

unsigned date; /* date of publication */ 
unsigned char ed; /* edition */ 

} cat[MAX]; 

int top = 0; /* last location used */ 

i 

void main(void) 

( 

int choice; 

load(); /* read in catalog */ 
do { 

choice = menu(); 
switch(choice) ■{ 

case 1: enter(); /* enter books */ 
break; 

case 2: author_search(); /* search by author */ 
break; * 

case 3: title_search(); /* search by title */ 
break; 

case 4 : save () ; ' 

) 

} while(choice!=5); 

} 

/* Return a menu selection. */ 
menu(void) 

I 

int i; 


printf (" 

Card Catalog;\n"); 

printf (" 

1. Enter\n"); 

printf(" 

2. Sear'ch by Author\n") ; 

printf(" 

3. Search by Title\n"); 

printf(" 

4. Save catalog\n"); 

printf(" 

5. Quit\n") ; 

do { 

• 


printf("Choose your selection; "); 
i * getche()0' ; 
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printf("\n"); 

) while(i<l || i>5); 

return i; 

} 

/* Enter books into database. */ 
void enter(void) 

{ 

int i; 

char temp[80]; 

for(i=top; i<MAX; i++) { 

printf("Enter author name (ENTER to quit): ") ; 

gets(cat [i] .name); 

if (!*cat[i] .name) break; 

printf("Enter title: "); 

gets(cat[i].title); 

printf("Enter publisher: "); 

gets(cat[i].pub); 

printf("Enter date of publication: "); 
gets(temp); 

cat[i].date = (unsigned) atoi(temp); 
printf("Enter edition: ") ; 
gets (temp) ; 

cat[i].ed = (unsigned char) atoi(temp); 

) 

top = i; 

1 

/* Search by autho-r. */ 
void author_search(void) 

[ 

char name [80]; 
int i, found; 

printf("Name: "); 
gets(name); 

found =0; 

for(i=0; i<top; i++) 

if(!stremp(name, cat[i].name)) { 
display(i); 
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found ■ 1; 
printf ("\n"); 

) 

if(!found) printf("not found\n"); 

) 

/* Search by title. */ 
void title_search(void) 

I 

char title[90); 
int i, found; 

printf("Title: "); 
gets (title); 

found = 0; 

ford-O; i<top; i++) 

if(!strcmp(title, cat [i].title)) (. 

display(i); 

found =1; * 

printf("\n"); 

) 

if (.'found) printf ("not found\n") ; • 

) 

/* Display catalog entry. */ 
void display(int i) 

( 

printf("%s\n", cat[i].title) ; 

printf("by %s\n", cat[i].name); % 

printf("Published by %s\n", cat[i].pub); 

printf("Printed: %u, %u edition\n", cat[i].date, cat[i].ed); 


/* Load the catalog file. */ 
void load(voi<jJ) 

{ 

. FILE *fp; 

if((fp - fopen("catalog", "r"))~NULL) ( 
printf("Catalog file not on disk\n"); 
return; 
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) 

fread(&top, sizeof top, 1, fp); /* read count */ 
fread(cat, sizeof cat, 1, fp) ; 

fclose(fp); 

} 

/* Save the catalog file. */ 
void save(void) 

{ 

FILE *fp; 

if((fp = fopen("catalog", "w"))==NULL) ( 

printf("Cannot open catalog file\n"); 
exit(1); 

) 

fwrite(&top, sizeof top, 1, fp) ; 
fwrite(cat, sizeof cat, 1, fp) ; 

fclose(fp); 

} 

4. In the preceding example, the entire catalog array is 
stored on disk, even if the array is not full. If you 
like, you can change the load() and saveO routines 
as follows, so that only structures actually holding 
data are stored on disk. 

/* Load the catalog file. */ 
void load(void) 

{ 

FILE *fp; 
int i; 

if((fp = fopen ("catalog", ”r"))«NULL) { 
printf("Catalog file not on disk\n"); 
return; 

) 

ftead(4top, sizeof top, 1, fp); /* read count */ 
for(i«0; i<«top; i++) 

r 
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fread(£cat [i], sizeof (struct catalog), 1, fp); 
fclose(fp); 

) 

/* Save the catalog file. */ 
void save(void) 

' { 

FILE *fp; 
int i; 

if((fp = fopen("catalog”, "w"))==NULL) ( 
printf("Cannot open catalog file\n"); 
exit(1); 

* ) 

fwrite(&top, sizeof top, 1, fp); /* write count */ 
for(i=0; i<=top; i++) 

fwriteC£cat[i], sizeof (struct catalog), 1, fp); 
fclose(fp); 

) 

5. The names of structure elements will not conflict 
with other variables using the same names. Because 
the element name is linked with the structure name, 
it is separate from other variables of the same name. 

For example, this program prints 10 100 101 on the 
screen. 

#include "stdio.h" 

void main(void) 

{ 

struct s_type { 
int i; 
int j; 

} 3 A- 
int i; 
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i - 10; 
s.i = 100; 
s.j = 101; 

printf("%d %d %d", i, s.i, s.j); 

) 

The variable i and the structure element i have no 
relationship to each other. 

6. As stated .earlier, a function may return a structure 
to the calling procedure. The following program, for 
example, loads the elements of varl with the values 
100 and 123.23 and then displays them on the screen. 

#include "stdio.h" 

struct s_type { 

int i; 

double d; 

) varl; 

* 

' struct s_type f(void); 

void main(void) 

( ‘ 

varl = £ () ; 

printf("%d %lf", varl.i, varl.d); 

) ' 

struct s_type f(void) 

( 

struct s_type temp; 

temp.i = 100; 
temp.d = 123.23; 

return temp; 

« 

* 

7. This program passes a structure to a function. 
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tinclude "stdio.h" 

struct s_type { 
int i; 
double d; 

) varl/ 

void f (struct s_type temp); 

void main(void) 

< 

varl.i - 99; 
varl.d - 98.6; 

£(varl); 

) 

void f (struct s_type temp) 

( 

printf ("%d %lf", temp.i, temp.d); 

) 


Exercises 

in Chapter 9, you wrote a program that created a 
telephone directory that was stored on disk. Im¬ 
prove the program so that it uses an array of struc¬ 
tures, each containing a person's name, area code, 
- and telephone number. Store the area code as an 
integer. Store the name and telephone number as 
strings. Make the array MAX elements long, where 
MAX is any convenient value that you choose. 

X What Is wrong with this fragment? 

struct s_type { 
int is 
long 1; 

char str (80); ' 

) •; 
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i - 10; 

f » 

3. On your own, examine the header file STDIO.H and 
look at how the FILE structure is defined. 

1f)9 DECLARE POINTERS TO 
1U. Z. STRUCTURES 


It is very common to access a structure through a point¬ 
er. You declare a pointer to a structure in the same way 
that you declare a pointer to any other type of variable. 
For example, the following fragment defines a structure 
called s_type and declares two variables. The first, s, is 
an actual structure variable. The second, p, is a pointer 
to structures of type s_type. 

struct s_type { 
int i ; 

char strl80]; 

) s, *p; 

Given this definition, the following statement assigns 
to p the address of s. 

P - &s; 

Now that p points to s you can access s through p. 
However, to access an individual element of s using p 
you cannot use the dot operator. Instead, you must use 
the arrow operator , as shown in the following example. 

• 

P->i - 1; 
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This statement assigns the value 1 to element i of * 
through p. The arrow operator is formed using a minus 
sign followed by a greater-than sign. There must be no 
spaces between the two. 

C passes structures to functions in their entirety. 
However, if the structure is very large, the passing of a 
structure can cause a considerable reduction in a pro¬ 
gram's execution speed. For this reason, when working 
with large structures, you might want to pass a pointer 
to a structure in situations that allow it instead of pass¬ 
ing the structure itself. 

Remember this very important point: When access¬ 
ing a structure element using a structure variable, use 
the dot operator. When accessing a structure element 
using a pointer to the structure, however, you must use 
the arrow operator. 

Examples 

t m 

1. The following program illustrates how to use a 
pointer to a structure. 

#include "stdio.h" 

#include "string.h" 

struct a_typ« ( 
int i/ , 
char str [80]; 

*) a, *p; 

void main(void) 

{ 

P “ 4a; 

#.i • 10/ /* this is functionally the same *■/ 

p->i - 10/ /* as this */ 
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strcpy(p->str, "I like structures"); 
printf("%d %d %s", s.i, p->i, p->str); 

) 

A 

1 One very useful application of structure pointers is 
found in C's time and date functions. Several of 
these functions use a pointer to hold the current time 
and date of the system. The time and date functions 
require the header file TIME.H, in whicha structure 
called tm is defined. This structure can hold the date 
and time broken down into its elements. This is 
called the broken-down time. The tm structure is de¬ 
fined as 

struct tm { 

int tm_sec; /* seconds, 0-59 */ 

int tm_min; /* minutes, 0-59 */ 

int tm_hour; /* hours, 0-23 */ 

int tm_mday; /* day of the month, 1-31 */ 

int tm_mon; /* months since Jan, 0-11 */ 

int tm_year; /* years from 1900 */ 
int tm_wday; /* days since Sunday, 0-6 */ 
int tm_yday; /* days since Jan 1, 0-365 */ 
int tm_isdst /* Daylight Savings Time indicator */ 
1 • 

The value of tm_isdst will be positive if Daylight 
Savings Time is in effect, 0 if it is not in effect, and 
negative if there is no information available. Also 
defined in TIME.H is the type time_t. It is essentially 
a long integer capable of representing the time and ’ 
date of the system in an encoded implementation- 
specific internal format. This is referred to as the 
calendar time. 

To obtain the calendar time of the system, you 
must use the time() function, whose prototype is 

time_t time(time_t *time) 
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The time() function returns the encoded calendar 
time of the system or -1 if no system type is avail¬ 
able. It also places this encoded form of the time into 
the variable pointed to by time. However, if time is 
-hull, the argument is ignored. 

Since the calendar time is represented using an 
implementation-specific internal format, you must 
use another of C's time and date functions to convert 
it into a form that is easier to use. One of these 
functions is called localtime(). Its prototype is 

struct tm *localtime(time_t *time) 

The localtime() function returns a pointer to the 
broken-down form of time. The structure that holds 
the broken-down time is internally allocated by the 
compiler and will be overwritten by each subse¬ 
quent call. 

This' program demonstrates time() and local- 
time() by displaying the current time of the system. 

finglude "stdio.h" 
finclude "time.h" 

void main(void) 

{ 

struct tm *systime; 
time_t t; 

t = time (NUt-L) ; 
systime = localtime (it) 

printf("Time is %.2d:%.2d:%.2d\n", systima->tm_hour, 
systime->tm_min, systime->tm_sec) / 
printf("Date: %.2d/%.2d/%.2d", systime->tm_mon+f, 
systime->tm_mday, systime->tm_year)^ 
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Exercises 

1. Is this program fragment correct? 

struct s_type { 
int a; 
int b; 

) s, *p; 

void main(void) 

{ 

P - &s; 
p.a = 100; 


2. Another of C's time and date functions is called 
gmtimeC). Its prototype is 

struct tm *gmtime(time_t *time); 

The gmtime() function works exactly like local- 
time(), except that it returns the Greenwich Mean 
time of the system. Change the program in Example 
2 so that it displays both local time and Greenwich 
Mean time. 

in a WORK WITH NESTED 
IU. O STRUCTURES 

So far, we have only been working with structures 
whose elements consist solely of C's basic types'. How¬ 
ever, structure elements can also be other structures.. 
These are referred to as nested structures. For example, - 
here is an example that uses nested structures to hold 


y 
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information on the performance of two assembly lines, 
each with ten workers. 

tdefine NUM_ON_LtNE 10 

struct worker { • 

char name[80]; 
int avg_units_per_hour; 
int avg_errs_per_hour; . , 

In¬ 
struct asm_line { 
int product_code; 
double material_cost; 
struct worker wkers [NUM_ON__LINE] ; 

} linel, line2; 

To assign the value 12 to the avg_units_per_hour of the 
second wkers structure of linel, use this statement: 

/ 

linel.wkers[1].avg_units_per_hour = 12; 

As you see, the structures are referenced from the outer 
to the inner. This is also the general case. Whenever you , 
have nested structures, you begin referencing with the 
outermost and end with the innermost. 


Example 

1. A nested structure can be used to improve the book 
catalog program. Here, the mechanical information 
about each book is stored in its own structure, 
which, in turn, is part of the catalog structure. The 
entire catalog program, using this approach is 
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shown here. Notice how the program now stores the 
length of the book, in pages. 

/ n electronic card catalog - 3rd Improvement. */ 
♦include "stdio.h" 

♦include "conio.h" 

♦include "string.h" 

♦include "stdlib.h" 

♦define MAX 100 

int menu(void); 
void display(int i); 

void author_search(void), title_search(void); 
void enter(void), save(void), load(void); 

struct book_type { 

unsigned date; /* date of publication */ 
unsigned char ed; /* edition */ 
unsigned pages; /* length of book */ 

1 ; 

struct catalog { 

char name[80]; /* author name */ 

char title [80]; /* title */ 

char pub[80]; /* publisher */ 

struct book_type book; /* mechanical info */ 

} cat [MAX] ; 

int tcp !* last location used */ 

void main(void) 

( 

int choice; 

load(); /* read in catalog */ 
do { 

choice = menu();. 
switch(choice) { 

case 1: enter (); /* enter books */ 
break; • 

case 2: author_search(); /* search by author */ 
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break; 

case 3: title_search(); /* search by title */ 
break; 

case 4: save(); 

} 

— } while(choice!=5); 

) 

/* Return a menu selection. */ 
menu(void) 

{ 

int i; 

printf("Card Catalog:\n"); 
printf (" 1. Enter\n"); 

printf (" 2. Search by Author\n") ; 

printf (" 3. Search by Title\n"); 

printf (" 4. Save catalog\n"); 

printf (" 5. Quit\n"); 

do ( 

printf("Choo#e your selection: ") ; 
i - getche () 0'; 

, printf("\n"); 

) while(i<l II i>5); 

return i; 

) 

/* Enter books into database. */ 
void enter(void) 

{ • 

int i; 

char temp[80]; 

for(i-top; i<MAX; i++) ( 

printf("Enter author name (ENTER to quit): "); 

gets (cat[i].name); 

if(!*cat[i].name) break; 

printf("Enter title: "); 

gets(cat[i].title); 

printf("Enter publisher: "); 

gets(cat(i].pub); 
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printf("Enter date of publication: ") ; 
gets(temp); 

cat[i].book.date = (unsigned) atoi(temp); 
printf("Enter edition: "); 
gets(temp); 

cat[i].book.ed (unsigned char) atoi(temp); 
printf("Enter number of pages: "); 
gets (temp); 

cat[i].book.pages = (unsigned) atoi(temp); 

. ) 

top - i; 

I 

/* Search by author. */ 
void author_search(void) 

{ . 

char name[80]; 
int i, found; 

printf("Name: "); 
gets(name); 

found - 0; 

for(i-0; i<top; i++) 

if (! strcmp (name, cat [i] .name) ) '{ 
display(i); 
found - 1; 
printf("\n"); 

} 

v 

b- 

if(!found) printf("not found\n"); 

). 

* 

1 0 

/* Search by title. */ 
void title_search(void) 

{ 

char title[80]; 
int i, found; 

printf("Title: ") ; 
gets(title); 

found - 0; 
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for(i=0; i<top; i++) 

if(!strcmp(title, cat[i].title)) { 

display(i); 
found = 1; 
printf("\n"); 

} 

if (.'found) printf ("not found\n") ; 

) 

/* Display catalog entry. */ 
void display(int i) 

{ 

printf("%s\n", cat [i].title); 
printf("by %s\n", cat[i].name); 
printf("Published by %s\n", cat[i].pub); 
printf("Printed: %u, edition: %u\n", cat [i] .book.date, 
cait [i] .book.ed) ; 

printf("Pages: %u\n", cat [i] .book.pages); 

) ' 

/* Load the catalog file. */ 
void load(void) 

{ 

FILE *fp; 

if((fp = fopen("catalog", "r"))==NULL) { 
printf("Catalog file not on disk\n"); 
return; 

) 

fread(£top, sizeof top, 1, fp); /* tead count */ 
fread(cat, sizeof cat, 1, fp)/ 

• fclose (fp) 

) 

/* Save the catalog file. */ 
void save(void) 

{ 

FILE *fp; 

if ( (fp - fopen("catalog", "w"))=-NULL) { 

printf("Cannot open catalog file\n ), 
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} 


exit(1) ; 


fHtite(Stop, sizeof top, 
fwrite(cat, sizeof oat. 


fp); 
!/ fp); 


fclose(fp); 

) 


Exercise 

1* Im P rove the telephone-directory program you' 
wrote earlier in this chapter so that it includes each 
person's mailing address. Store the address in its 
own structure, called address, which is nested in¬ 
side the directory structure. 

1Q .4: UNDERSTAND BIT-FIELD S 

C allows £ variation on the structure element called a 
bit-field. A bit-field is an element of a structure that is 
comprised of one or more bits. Using a bit-field, you can 
access by name one or.more bits within a byte or word. 
To define a bit-field, use the general form 

type name : size; 

where type is either int or unsigned. If you specify a 
signed bit-field, then the high-order bit is treated as a 
sign bit. Notice that a colon separates the name of the 
bit-field from its size in bits. 

Bit-fields are very useful when you want to pack 
information into the smallest possible space. For exam¬ 
ple, here is a structure that uses bit-fields to hold inven¬ 
tory information. 
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struct b_typo ( , 

unsigned department: 3; /* up to 7 departments / 

unsigned instock: 1; /* 1 if in stock, 0 if out */ 
unsignod bnckordored: 1; /* 1 if backordered, 0 if not 
unsigned load__time: 3; /* order load time in months V 
} inv[MAX_ITEM]/ 


In this case one byte can be used to store information on 
an inventory item that would normally have taken four 
bytes without the use of bit-fields. You refer to a bit- 
field variable just like any other element of a structure. 
The following statement, for example, assigns the value 
3 to the department field of item 10. 

inv(9].department - 3; 

The following statement determines whether item 5 is 
out of stock. \ 

if(!inv[4].instock) printfC'out of stock"); 
else printf("in stock"); 

It is not necessary to completely define all bits within 
a byte or word. For example, this is perfectly valid: 

struct b_type { 
int a: 2; 
int b: 3; 

) ; 


The C compiler is free to store bit-field variables as 
it sees fit. However, generally the compiler will auto- 
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matically store bit-fields in the smallest unit of memory 
that will hold them. Whether the bit-fields are stored 
high-order to low-order or the other way around is 
implementation-dependent-. However, many compilers 
use high-order to low-order. 

You can mix bit-fields with regular variables in a 
structure s definition. For example, this version of the 
inventory structure also includes room for the name of 
each item. 


struct b_type [ 

char name [40]; /* name of item */ 
unsigned department: 3; /* up to 7 departments */ 
unsigned instock: 1; /* 1 if in stock, 0 if out */ 
unsigned backordered: 1; /* 1 if backordered, 0 if not */ 

lead_time: 3; /* order JLead time in months */ 

} inv[MAX_ITEM]; 

Because the smallest addressable unit of memory is 
a byte, you cannot obtain the address of a bit-field 
variable. , 

Bit-fields are often used to store Boolean (true/false) 

data because they allow the efficient use of memory_ 

remember, you can pack eight Boolean values into a 
• single byte. 


Examples 

1. It is not necessary to name every bit when using 
bit-fields. Here, for example, is a structure that uses 
bit-fields to access the first and last bit in a byte. 
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struct b_type { 
unsigned first: 1 ; 
int : 6; 

unsigned last: 1; 

) ; 

The use of unnamed bit-fields makes it easy to reach 

the bits you are interested in. 

2. To see how useful bit-fields can be when working 
with Boolean data, here is a a crude simulation of a 
spaceship flight recorder. By packing all the relevant 
information into one byte, comparatively little disk 
space is used by the flight recorder. 

/* Simulation of a 100 minute spaceship, 
flight recorder. 

*/ 

#include "stdlib.h" 

#include "stdio.h" 

/* aJ --^ fields indicate OK if 1 , 
malfunctioning or low if 0 */ 
struct telemetry { 
unsigned fuel: 1 ; 
unsigned r^dio: 1 ; 
unsigned tv: 1 ; 
unsigned water: 1 ; 
unsigned food: 1 ; 
unsigned waste: 1 ; 

1 flt_recd; 

void display(struct telemetry i)• 

void main(void) 

( 

FILE *fp* 
int i; 


if prlntf <*c Pen< " fll5ht "' >“NUL 
( Cannot open file") ; 


{ 
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exit(1); 


} 


'* thTspaces^ SaCh mlnUte 3 St3tUS repozt °‘ 
t/ s P a =eship is recorded on disk 


for(i=0; i<100; i++) ( 

flt — recd -fuel = rand()%2; 

^^• t _ rec d. radio = rand()% 2 ; 
flt_re c d.tv = rand()% 2 ; 
flt - recd -water = rand()%2; 
f lt_ re cci. f ood = rand()%2; 
fit-reed.waste = rand()%2; 

display(flt_recd); 

} fwrite(&flt_recd, sizeof flt_recd, l, f p); 
fclose(fp); 

} 

void display(struct telemetry i) 

{ 

if(i.fuel) printf("Fuel OK\n"); 

else printf("Fuel low\n"); 

if (i.radio) printf ("Radio OK\n.") ; 

else printf ("Radio failure\n").; 

if(i.tv) printf("TV system OK\n"); 

else printf("TV malfuction\n") ; 

if(i.water) printf("Water supply OK\n"); 

else printf("Water supply low\ri"); 

if(i.food) printf("Food supply OK\n"); 

else printf("Food supply low\n"); 

if(i.waste) printf("Waste containment OK\n"); 

else printf("Waste containment failure\n")• 

Printf("\n"); 

) 

After you run this program, the file on disk will be 
only 100 bytes long. Now try the program after 
modifying the telemetry structure as shown here. 
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struct telemetry { 
char fuel; 
chif Fadio; 
char tv; 
char water; 
char food; 
char waste; 

} flt_recd; 

In this version, no bit-fields are used—the resulting 
file is 600 bytes long! 

Exercises 

1. Write a program that creates a structure that con¬ 
tains three bit-fields called a, b, and c. Make a and b 
three bits long and make c two bits long. Make all 
three signed variables. Next, assign-each a value and 
display the values. 

2. Many compilers supply library functions that return 
the status of various hardware devices, such as a 
serial port or the keyboard, by encoding information 
in a bit-by-bit fashion. On your own, consult the 
user's manual for your compiler to see if it supports 
such functions. If it does, write some programs that 
read and decode the status of one or more devices. 


1 Q 5 CREATE UNIONS _ 

In C, a union is a single memory location that is shared 
by two or more variables. The variables that share the 
memory may be of different types. However, only one 
variable may be in use at any one time. A union is 
defined much like a structure. Its general form is 
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union tag-name ( 
typeelementl; 
type element 2; 
type element3 ; 


type elementN; 

) variable-names; 

) 

Like a structure, either the tag-name or the vari¬ 
ablejiames may be missing. Elements may be of any 
valid C data type. For example, here is a union that 
contains three elements: an integer, a character array, 
and a double. 

union u_type { 
int i ; 
char c [2] ; 

double d; . 

) sample; 

This union will appear in memory as shown in Figure 
10 - 2 . 

To access an element of a union, use the dot and 
arrow operators just as you do for structures. For exam¬ 
ple, this statement assigns 123.098 to d of sample. 

sample.d = 123.098; 

If you are accessing a union through a pointer, you 
mus t use the arrow operator. For example, assume that 
P points to sample. The following statement assigns i 

the value 101 . 

P->i « 101; 


Scanned by CamScanner 



364 Teach Yourself C 


d -——i 

I—c[1]—|—c[0]—| 


FIGURE 10-2. How union appears in memory (assuming 8-byte 
doubles) 

It is important to understand that the size of a union 
is fixed at compile time and is large enough to accom¬ 
modate the largest element in the union. Assuming 
8-byte doubles, this means that sample will be 8 bytes 
long. Even if sample is currently used tcvhold an int 
value, it will still be using 8 bytes of memory. However, 
as is the case with structures, you should use the sizeof 
compile-time operator to determine the size of a union. 
You should not simply assume that it will be the size of 
the largest element, because in some environments, the 
compiler may pad the union so that it aligns on a word 
boundary. 

Examples 

1. Unions are very useful when you need to deal with 
data in two or more different ways. For example, the 
encode!) function shown below uses a union to 
encode an integer by swapping its two bytes. (The 
function assumes that integers are two bytes long.) 
The same function can also be used to decode an 
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encoded integer by swapping the already ex¬ 
changed bytes back to their original positions. 

♦include "stdio.h" 

int encode(int i) ; 

void main(void) 

{ 

int i; 

i = encode(10); /* encode it */ 
printfC’10 encoded is %d\n", i) ; 
i = encode (i) ; /* decode it */•. 
printfC'i decoded is %d", i) ; 

1 

/* Encode an integer, decode an encoded integer */ 
encode(int i) ' 

{ 

union crypt_type { 
int num; 
char c[2]; 

} crypt; 

unsigned char ch; , 

crypt.num * i; 

/* swap bytes */ 
ch = crypt.c[0]; 
crypt.c[01 - crypt.c[1]; 
crypt.c[l] = ch; 

/★ return encoded integer */ 
return crypt.num; 

) 

The program displays the following. 

10 encoded is 2560 
i decoded is 10 
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2. The following program uses the union of n bit-field 
structure and a character to display the binary rep¬ 
resentation of the character typed at the keyboard. 

/* Thi.3 program displays the binary code for a 
character entered at the keyboard. 

*/ 

#include "stdio.h" 

#include "conio.h" 

struct sample ( 
unsigned a: 1; 
unsigned b: 1; 
unsigned c: 1; 
unsigned d: 1/ 
unsigned e: 1; 

unsigned f: 1; - 

unsigned g: 1; 
unsigned h: 1/ 

) ;. 

union key_type { 
char ch; 

struct sample bits/ 

) key; 

void main(void) 

( 

printf("Strike a key: ")/ 

key.ch = getcheO; 

printf(”\nBinary code is: "); 

I 

if(key.bits.h) printf ("1 "); 

else printf ("0 ")/ 

if(key.bits.g) printf ("1 "); 

else printf( H 0 ") / ' 

if(key.bits.f) printf("1 ")/ 

else printf("0 ")/ 

if (key.bits.e) printf("1 ") ; 

else printf("0 ") ; 

if (key.bits.d) printf("1 "); 

else printf("0 "); 
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) 


if(key.bits.c) 
also printf ("0 
if(koy.bits.b) 
else printf ("0 
if(koy.bits.a) 
else printf ("0 


printf ("1 "); 
") / 

printf("1 ")/ 
") ; 

printf ("1 »); 
"); 


Exercises 


1. Using a union composed of a double and an 8-byte 
character array, write a function that writes a dou¬ 
ble to a disk file, a character at a time. Write another 
function that reads this value from the file and re¬ 
constructs the value using the same union. (Note: If 
the length of a double for your compiler is not 8 
bytes, use an appropriately sized character array.) 

2. Write a program that uses a union to convert an int 
into a long. Demonstrate that it works. 


exercises 



At this point you should be able to answer these ques- 
hons and perform these exercises. 


l ' In general terms what is a structure, and what is a 
union? 

2. Show how to create a structure called sJype that 
contains these five elements: 

char ch; 
float d; 
int i ; 

char atr[ 80 ]/ 
double balance; 


MASTERY 
SKILLS CHECK 
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Also / define one variable called s_var using .this 
structure. 

3. What is wrong with this fragment? 

struct s_type ( 
int a; 
char b; 
float bal; 

} myvar, *p; 

p =■ &myvar; 

p.a - 10; 

4. Write a program that uses an array of structures to 
store employee names, telephone numbers, hours 
worked, and hourly wages. Allow for 10 employees. 
Have the program input the information and save it 

to a disk file. Call the file EMP. 

* , 

Write a program that reads the EMP file created in 
exercise 4 and displays the information on the 
screen. 

6. What is a bit-field? 

7. Write a program that displays individually the val¬ 
ues of the high- and low-order bytes of an integer. 

Use a union that contains as its two elements 
an integer and a two-byte character array.) 


EXERCISES 


This section checks how well you have integrated the 
material in this chapter with that from earlier chapters. 


INTEGRATING 
NEW SKILL5 
CHECK 

V 
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1. Write a program that contains two structure vari- 

* ables defined as 

struct s_type { 
int i; 
char ch; 
double d; 

} varl, var2; 

Have the program give each element of both struc¬ 
tures initial values, but make sure that the value of 
the elements differs between the two structures. 
Using a function called struct_swap(), have the pro¬ 
gram swap the contents of varl with var2. 

2. As you know from Chapter 9, fgetc() returns an 
integer value, even though it only reads a character 
from a file. Write a program that copies one file to 
another. Assign the return value of fgetc() to a 
union that contains an integer and character. Use the 
integer element to check for EOF. Write the charac¬ 
ter element to the destination file. Have the user 
specify both the source and destination file names 
on the command line. 

3. What is wrong with this fragment? 

struct s_type { 
int a; 

• int b: 2 ; 
int c: 6/ 

) var; 


scanf("Id", &var); 
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4. In C, as you know, you cannot pass an array to a 
function as a parameter. However, there is one way 
around this restriction. If you enclose t e ar ™y 
within a structure, the array is passed using e 
standard call-by-value convention. Write a program 
that demonstrates this by passing a string inside a 
structure to a function, altering its contents inside 
the function and demonstrating that the original 
string is not altered after the function returns. 
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CHAPTER OBJECTIVES 


11.1 Use the storage class specifiers 

11.2 Use the access modifiers 

11.3 Define enumerations 

11.4 Understand typedef 


11.5 Use C's bitwise operators 

11.6 Master the shift operators 

11.7 Understand the ? operator 


11.8 Do more with the assignment operator 


11.9 Understand the comma 
operator 

11.10 Know the precedence 
summary 
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and Operators 

«r 

The C language includes a rich set of data type modi¬ 
fiers that allow you to better fit the type of a variable to 
the information it will be storing. Also, C includes a 
number of special operators that permit the creation of 
very efficient routines. Both of these items are the sub¬ 
ject of this chapter. 


373 
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EXERCISES 


Before proceeding, you should be able to answer these 
questions and perform these exercises. 

1. Write a program that uses an array of structures to 
hold the squares and cubes of the numbers 1 
through 10. Display the contents of the array. 

2. Write a program that uses a union to display as a 
character the bytes that make up an integer entered 
by the user. 

I 

3. What does this fragment display? (Assume two- 
byte ints and eight-byte doubles.) 

*. 9 

union { 
int i ; 
double d; 

} uvar; 

printf("%d", sizeof uvar) ; 

4. What is wrong with this fragment? 

struct { 
int i; 

char str[80]; 
double balance; 

} svar; 

svar->i = 100; 

5. What is a bit-field?' 


SKILLS CHECK 

V 
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USE THE STORAGE CLASS 
SPECIFIERS 


C defines four type modifiers that affect how a variable 
is stored. They are 

auto 

extern 

register 

static 


These specifiers precede the type name. Let's look at 

The specifier auto is completely unnecessary. It 
provided in C to allow compatibility with its predeces¬ 
sor B Its use is to declare automatic variables. Automatic 
variables are simply local variables, which are auto by 
default. You will almost never see auto used in any C 

Pr ° Although the programs we have been working with 
in this book are fairly short, programs in the real world 
tend to be quite long. As the size of a program grows, 
it takes longer to compile. For this reason C allows you 
to break a program into two or m6re hies. You can 
separately compile these files and then link them to¬ 
gether (The actual method of separate compilation and 
linking will be explained in the user's manual for your 
compiler.) In C, global data may only be declared once. 
Because global data may need to be accessed by two or 



* 
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more files that form the program, a method of inform¬ 
ing the compiler about the global data used by the 
program must be available. For example, consider the 
following program, which is split between two files. 

FILE #1: 

#include "stdio.h" 
int count; 
void f1(void); 
void main(void) 

'I 

int i; 

f1( ); /* set count's value V 

for(i=0; i<count; i++) 
printf("%d ")i 

■) 


FILE #2: 

#include "stdlib.h” 

void fl(void) 

{ 

count = rand( ); 

) 

If you try to compile the second file, an error will be 
reported because count is not defined. However, you 
cannot change FILE #2 as follows: 
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#include "stdlib.h" 

int count; 

void fl(void) 

{ 

count = rand( ); 

} 

If you declare count a second time, the linker will report 
a duplicate-symbol error, which means that count is 
defined twice, and the linker doesn't know which to 
use. 

The solution to this problem is C's extern specifier. 
By placing extern in front of count's declaration in FILE 
#2, you are telling the compiler that count is an integer 
declared elsewhere. In other words, 'using extern in¬ 
forms the compiler about the existence and the type of 
the variable it precedes, but it does not cause storage for 
that variable to be allocated. The correct version of FILE 
#2 is 

♦include "stdlib.h" 

extern int count; 

void fl(void) 
i 

count = rand ); 

) 


Although rarely done, it is not incorrect to use ex¬ 
tern inside a function that uses a global variable defined 
in that file. For example, the following is valid. 


♦include "stdio.h" 
int count; 
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void main(void) 

( 

extern count; 

count = 10; 
printf("%d", count); 


The reason you will rarely see this use of extern is that 
it is redundant. Whenever the compiler encounters a 
variable name not defined by the function as a local 

variable, it assumes that it is global. 

One very important storage class specifier is regis¬ 
ter. When you specify a register variable you are telling 
the compiler that you want access to that variable to be 
as fast as possible. In the original version of C, register, 
which could only be applied to local variables (includ¬ 
ing formal parameters) of types int and char, caused the 
variables to be held in a register of the CPU. (This is how 
the name register came about.) By using a register of the 
CPU, extremely fast access times are achieved. The 
ANSI standard has broadened the definition to include 
all types of variables and has removed the requirement 
that register variables must be held in a CPU register. 
Instead, the ANSI standard stipulates that a register 
variable will be stored in such a way as to minimize 
access time. In practice, however, this means that int 
and char register variables continue to be held in a CPU 
register—this is still the fastest way to access them. 

No matter what storage method is used, only so 
many variables can be granted the fastest possible ac¬ 
cess time. For example, the CPU has a limited number 
of registers. When fast-access locations are exhausted, 
the compiler is free to make register variables into 
regular variables. For this reason, you must choose 
carefully which variables you modify with register. 
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One good choice is to make a frequently used variable, 
such as the variable that controls a loop, into a register 
variable. The more times a variable is accessed, the 
greater the increase in performance when its access time 
is decreased. Generally, you can assume that at least 
two variables 1 per function can be truly optimized for 
access speed. 

Important: Because a register;' variable may be 
stored in a register of the CPU, it, may not have a 
memory address. This means that yolu cannot use the & 
to find the address of a register variable. 

When you use the static modifier, you can cause the 
contents of a local variable to be preserved between 
calls. Also, unlike normal local variables, which are 
initialized each time a function is entered, a static local 
variable is initialized only once. For exafnple, take a 
look at this program, 

# 

♦include "stdio.h" 

void f(void); 

void main(void) 

{ 

int i; 

for(i=0; i<10; i++) f( ); 

) 


v oid f (void) 

( 

static int count = 0; 

\ 

count++; 

Printf("count is %d\n", count); 

) 


which displays the following output. 
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count i.3 1 
count is 2 
count is 3 
count is 4 
count is 5 
count is 6 
count is 7 
count is 8 
count is 9 
count is 10 

As you can see, count retains its value between function 
calls. The advantage to using a static local variable over 
a global one is that the static local variable is still known 
to and accessible by only the function in which it is 
declared. 

The static modifier may also be used on global 
variables. When it is, it causes the global variable to be 
known to and accessible by only the functions in the 
same file in which it is declared. Not only is a function 
not declared in the same file as a static global variable 
' unable to access that global variable, it does not even 
know its name. This means that there are no name 
conflicts if a static global variable in one file has the 
same name as another global variable in a different file 
of the same program. For example, consider these two 
fragments, which are parts of the same program. 

FILE #1 FILE #2 

int count; static int count; 


count = 10; count = 5; 

printf ("%d", count); printf count); 


Scanned by CamScanner 



Aov.inced Data Types and Operators 381 


Because count is declared as static in FILE #2, no name 
conflicts arise. The printff) statement in FILE #1 dis¬ 
plays 10 and the printfi) statement in FILE #2 displays 
5 because the two counts are different variables. 


) 

Examples 

idea about how much faster access to a 
register variable is, try the following program. It 
makes use of another of C's standard library func¬ 
tions called clock(), which returns the number of 
system clock ticks since the program began execu¬ 
tion. It has the prototype 

clock_t clock(void); 

It uses the TIME.H header. TIME.H also defines the 
clock_t type, which is more or less the same as long. 

To time an event using clock!), call it immediately 
before the event you wish to time and save the value. 

Next, call it a second time after the event finishes and 
subtract the starting value from the ending value. 

This is the approach used by the program to time 
how long it takes two loops to execute. One set of 
loops' is controlled by a register variable, the other 
is controlled by a non-register variable. 

♦include "stdio.h” 

♦include "time.h" 

int i; /* this will not be transformed into a » 

register variable because it is global */ 

void main(void) - 

{ . • 

• • - 

register int j; 

,1 aifibi C 
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int k; 

clock__t start, finish; 

start = clock( ); 
for(k=0; k<10; k++) 

for(i=0; i<32000; i++) ; 
finish = clock ( ); 

printf("non-register loop: %ld ticks\n", finish - 
start); 

start = clock( ); 
for(k=0; k<10; k++) 

for(j=0; j<32000; j++) ; 
finish = clock( ) ; 

printf("register loop: %ld ticks\p", finish - start); 

) V 

For most compilers, the register-controlled loop will 
execute about twice as fast as the nor-register con¬ 
trolled loop. 

The non-register variable is global because when 
feasible, many compilers will automatically convert 
local variables not specified as register types into 
register types as an automatic optimization. 

2. As you know, the compiler can optimize, access 
speed for only a limited number of register variables 
in any one function (usually, just two). However, 
this does not mean that your program can only have 
a few register variables. Because of the way a C 
program executes, each function may utilize reg¬ 
ister variables. For example, for the average com¬ 
piler, all the variables shown in the next program 
will be optimized for speed. 

finclude "stdio.h" 

void ’f2 (void) ; 
void f(void); 

void main(void) 
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( 

register int a, b; 


) 

void f(void) 

( 

register int i, j; 


} 

void f2(void) 

l 

register int j, k; 


} 

3. Local static variables have several uses. One is to 
allow a function to perform various initializations 
only once, when it is first called. For example, con¬ 
sider the function 

myfunc(void) 

{ 

static int first = 1; 

if(first) { /* initialize the system */ 
rewind(fp); 
a *= 0; 
loc = 0; 

. fprintf("system initialized"); 
first - 0; 

) 


J 
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Because first is static, it will hold its value between 
calls. Thus, the initialization code will only be exe¬ 
cuted the first time the function is called. 

4. - Another interesting use for a local static variable is 
to control a recursive function. For example, this 
program prints the numbers 1 through 9 on the 
screen. 

♦include "stdio.h" 

void f(void) ; 

void main(void) 

( 

f( ); 

) 

* void f(void) 

cl 

* { 

static int stop=0; 

•stop++; 

if(stop==10) return; 
printf("%d ", stop); 
f( ); /* recursive call */ 

) 

[ 

Notice how stop is used to prevent a recursive call 
to f() when it equals 10. 

5. Here is another example of using extern to allow 
global data to be accessed by two files. 

FILE #1: 

♦include "stdio.h" 
char str[80]; 
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void getname (void) ; 

void main (void) 

{ 

getname( ); 

printf("Hello %s", str); 

) 

FILE #2: 

#include "stdio.h" 

extern char str [80]; 

void getname(void) 
l 

printf("Enter your first name: "); 
gets(str); 

1 


Exercises 

Assume that your compiler will actually optimize 
access time of only two register variables per func¬ 
tion. In this program, which two variables are the 
best ones to be made into register variables? 

include "stdio.h" 

* include "conio.h" 

v °id main(void) 

{ 

int i/ j# k, m; 
do { 

Printf("Enter a value: ") ; 

acanf(»%d", ii) ; 
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m = 0; 

for(j=0; j<i; j++) 
for(k=0; k<100; k++) 
m = k + m; 

} while (i>0); 

} 

* 

2. Write a program that contains a function call 
sum__it() that has this prototype: 

void sum_it(int value); 

-i 

Have this function use a local static integer vari¬ 
able to maintain and display a running total of the 
values of the parameters it is called with. For example, 
if sum_it() is called three times with the values 3,6,4, 
then sum_it() will display 3,9, and 13. 

3. Try the program descibed in Example 5. Be sure to 
actually use two files. If you are unsure how to 
compile and link a program consisting of two files, 
check your user manual. 

4. What is wrong with this fragment? 

register int i; 
int *p; 

p = fii; 

1 2 2 USE THE ACCESS MODIFIERS 

C includes two type modifiers that affect the way vari¬ 
ables are accessed by both your program and the com¬ 
piler. These modifiers are const and volatile. This 
section examines these type modifiers. 
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If you precede a variable's type with const, you 
prevent that variable from being modified by your 
program. The variable may be given an initial value, 
however, through the use of an initialization when it is 
declared. The compiler is free to locate const variables 
in RCM (read-only memory) in environments that sup¬ 
port it.const variable may also have its value changed 
by hardware-dependent means. 

The const modifier has a second use. It can prevent 
a function from modifying the object that a parameter 
points to. That is, when a pointer parameter is preceded 
by const, no statement in the function can modify the 
variable pointed to by that parameter. 

When you precede a variable's type with volatile, 
you are telling the compiler that the value of the vari¬ 
able may be changed in ways not explicitly defined in 
the program. For example, a variable's address might 
be given to an interrupt service routine, and its value 
changed each time an interrupt occurs. The reason that 
volatile is important is that most C compilers apply 
complex and sophisticated optimizations to your pro¬ 
gram to create faster and more efficient executable pro¬ 
grams. If the compiler does not know that the contents 
of a variable may change in ways not explicitly specified 
by the program, it may not actually examine the con¬ 
tents of the variable each time it is referenced. (Unless 
it occurs on the left side of an assignment statement, of 
course.) » 


Examples 

1. The following short program shows how a const 
variable can be given an initial value and used in the 
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program, as long as it is not on the right side of an 
assignment statement. 

♦include "stdio.h" 

void main(void) 

( 

const int i = 10; 
printf ("%d", i) ; 

) 

The following program tries to assign i another 
value. This program will not compile because i can¬ 
not be modified by the program. 

♦include "stdio.h" 

void main(void) 

{ 

const int i = 10; 
i = 20; /* this line is wrong */ 

printf("%d", i); 

) 

2. The next program shows how a pointer parameter 
can. be declared as const to prevent the object it 
points to from being modified. 

♦include "stdio.h" 

void pr_str(const char *p) ; 

void main(void) 

( 

char str[80]; 

pr.intf ("Enter a string: ") ; 
get:s (str) ; 
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pr_str(str) ; 

) 

void pr__atr (const char *p) 

1 

while(*p) putchar(*p++); 

} 

If you change the program as shown here, it will 
not compile because this version attempts to alter 
the string pointed to by p. 

#include "stdio.h" 

([include "ctype.h" 

void pr_str(const char *p) ; 

void main(void) 

( 

char str [ 80 ]; 

.i 

printf("Enter a string: ") ; * 

gets(str); 

pr_str(str); 

} 

void pr_str(const char *p) 

( 

while(*p) ( 

*p - toupper(*p); /* this will not compile */ 
putchar{*p++); 

) 

) 

^ Perhaps the most important feature of const pointer 
parameters is that they guarantee that many stan¬ 
dard library functions do not modify variables 
pointed to by their parameters. For example, here is 
the actual prototype to strlenO specified by the 
ANSI standard: 

Int strlen(const char *p); 
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4. While short examples of volatile are hard to find, 
the following fragment gives you the flavor of its 

use. 


volatile unsigned u; 

give address_to_some_interrupt(£u), 

for (;;) { /* watch value of u */ 

printf ("Id" , u); 


In this examole, if u had not been declared as vola¬ 
tile, the compiler could have optimized the repeated 
calls to orintff ) in such a way that u was not reex- 
amined'each time. The use of volatile forces the 
compiler to actually obtain the value of u each time. 


Exercises 

1. One good time to use const is when you want to 
embed a version control number into a program. By 
using a const variable to hold the version you pre¬ 
vent it from accidentally being changed. Write a 
short program that illustrates how this can be done. 
Use 6.01 as the version number. 

2. Write your own version of strcpyf) called mys- 
trcpyf), which has the prototype 

char *mystrcpy(char "to, const char *from); 

The function returns a pointer to to. Demonstrate 
your version of mystrcpy() in a program. 

3. On your own, see if you can think of any ways to use 
volatile. 
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11.3 PEFINff ENUMERATIONS _ 

In C you can define a list of named integer constants 
called an enumeration. These constants can then be used 
any place an integer can. To define an enumeration, use 
the general form 

t 

enum tag-name {enumeration list} variable-list ; 

Either the tag-name or the variable-list is optional. The 
tag-name is essentially the type name of the enumera¬ 
tion. Enumeration variables may only contain values 
that are defined in the enumeration. For example, in the 
statement 

enum color_type {red, green, yellow) color; 

the variable color maybe assigned only the values red, 
green, or yellow. 

By default, the compiler assigns ^integer values to the 
constants, beginning with 0 at the fa^left side of thejist. ' 
Each constant to the right is one greater than the con¬ 
stant that precedes it. Therefore, in the color enumera¬ 
tion, red is 0, green is 1, and yellow is 2. However, you 
can override the compiler's default values by explicitly 
giving a constant a value. For example, in this statement 

enum color_type (red, green=9, yellow) color; 

red is still 0, but green is 9, and yellow is 10. ' 

Once you have defined an enumeration, you can use 
its tag name to declare enumeration variables at other 
points in the program. "For example, assuming the 
color_type enumeration, this statement is perfectly val¬ 
id and declares mycolor as a color_type variable. 
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enum color_type mycolor; 


The main purposes of an enumeration are to help 
provide self-documenting code and to clarify the struc¬ 
ture of your program. 

Examples 

1. This short program creates an enumeration consist¬ 
ing of the parts of a computer. It assigns comp the 
value CPU and then displays its value (which is 1). 
Notice how the enumeration tag name is used to 
• declare comp as an enumeration variable separately 
from the actual declaration of computer. 

#include "stdio.h" 

enum computer {keyboard, CPU, screen, printer); 

void main(void) 

{ ' 

enum computer comp; 
comp = CPU; 
printf("%d", comp); 

) 

• 2. It takes a little work to display the string 'equivalent 
of an enumerated constant. Remember, enumerated 
constants are not strings; they are named integer 
constants. The following program uses a switch 
statement to output the string equivalent of an enu¬ 
merated value. The program uses C's random-num¬ 
ber generator to choose a means of transportation. 
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It then displays the means on the screen. (This pro¬ 
gram is for people who can't make up their minds!) 

♦include "stdio.h"‘ 

♦include "stdlib.h" 

♦include "conio.h" 

enum transport (car, train, airplane, bus} tp; 

void main(void) 

( 

P r i n tf("Press a key to select transport: ") ; 

/* generate a new random number each time 
the program is run 

*/ 

while(Ikbhit( )) rand( ); 

getch ( ); /* read and discard character */ 

tp = rand ( ) % 4; 
switch(tp) { 

case car: printf("car"); 

break; , 

case train: printf("train") ; 
break; 

case airplane: printf ("airplane!’) ; 
break; 

case bus: printf("bus") ; 

} 

) 

% In some cases, there is an easier way to obtain a 
string equivalent of an enumerated value. As long 
as you do not initialize any of the constants, you ca^ 
create a two-dimensional string array that contains 
the String equivalents of the enumerated values in 
the same order as the constants appear in the enu¬ 
meration. Then you can simply index the array us¬ 
ing an enumeration variable to obtain the string. The 
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following version of the transportation-choosing 
program, for example, uses this approach. 

#include "stdio.h" 

#include "stdlib.h" 

#include "conio.h" 

enum transport {car, train, airplane, bus} tp; 

char trans t] [20] = { 

"car", "train", "airplane", "bus" 

) ; 

void main(void) 

{ 

printf("Press a key to select transport: "); 

/* generate a new random number each time 
the program is run 

*/ 

while (!kbhit( )) rand( ); 

getch{ ); /* read and discard character */ 

tp = rand( ) % 4/ 
printf("%s", trans[tp]); 

) . 

3. Remember, the names of enumerated constants are 
known only to the program, not to any library func¬ 
tions. For example, given the fragment 

enum numbers (zero, one, two, three) num, 

printf -("Enter a number: ") ; 
scanf("%d", Snum); 

you cannot respond to scanf() by entering one. 

Exercises 

; 

!• Compile and run the example programs. 
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2. Create an enumeration of the coins of the U.S. from 
penny to dollar. 

3. Is this fragment correct? If not, why not? 

enum cars {Ford, Chrysler, GM) make; 
make = GM; 

printf("car is %s", make); 

^ .A. UNDERSTAND typedef 

In C you can create a new name for an existing type 
using typedef. The general form of typedef is 

typedef old-name new-name ; % 

This new name can be used to declare variables. For 
example, in the following program, smallint is a new 
name for a signed char and is used to declare i. 

♦include "stdio.h" 

typedef signed char smallint; 

void main(void) 

( 

smallint i; 

for(i=0; i<lO; i++) 
printf("%d ", i) ; 

} 

Keep two points firmly in mind: First, a typedef does 
not cause the original name to be deactivated. For ex¬ 
ample, in the program, signed char is still a valid type. 
Second, you can use several typedef statements to cre¬ 
ate many different, new names for the same type. 
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There are basically two reasons to use typedef. The 
first is to create portable programs. For example, if you 
know that you will be writing a program that will be 
executed on computers using 16-bit integers as well as 
on computers using 32-bit integers, and you want to 
ensure that certain variables are 16 bits long, no matter 
which machine is executing, you might want to use a 
typedef when compiling the program for the 16-bit 
machines as follows: 

typedef int myint; 

Then, before compiling the code for a 32-bit computer, 
you can change the typedef statement like this: 

typedef short int myint; 

This works because on computers using 32-bit integers, 
a short int will be 16 bits long. Assuming that you used 
myint to declare all integer values that you wanted to 
be 16 bits long, you need change only one statement to 
change the type of all variables declared using myint. 

The second reason you might want to use typedef 
is to help provide self-documenting code: For example, 
if you are writing an inventory programryou might use 
this typedef statement 

typedef double subtotal; 

Now, when anyone reading your program sees a vari¬ 
able declared as subtotal, he or she will know that it is 
used to hold a subtotal. 
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Examples 

X. The new name created by one typedef can be used 
in a subsequent typedef to create another name. For 
example, consider this fragment. 

typedef int height; 
typedef height length; 
typedef length depth; 

depth d; 

Here, d is still an integer. 

2. You can use typedef on a complex type as well as 
the basic types. For example, the following is per¬ 
fectly valid. 

enum e_type { one, two, three } ; 
typedef e_type mynums; 

mynums num; /* declare a variable */ 

Here, num is a variable of type e_type. 


Exercises 

Show how to make UL a new name for unsigned 
long. Show that it works by writting a short pro¬ 
gram that declares a variable using UL, assigns it a 
value, and displays the value on the screen. 

2 - What is wrong with this fragment? 
typedef balance float; 
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11.5 USE C'S BITWISE OPERATORS 

C contains three special operators that perform their 
operations on a bit-by-bit level. These operators are 

& bitwise AND 

I bitwise OR 

A bitwise XOR (exclusive OR) 

- 1's complement 

These operators work with character and integer types; 
they cannot be used with floating-point types. 

The AND, OR, and XOR operators produce a result 
based upon a comparison of corresponding bits in each 
operand. The AND operator sets a bit if both bits being 
compared are set. The OR sets a bit if either of the bits 
being compared are set. The -XOR operation sets a oit 
when either of the two bits involved are 1, but not when 
both are 1 or both are 0. For example, here is an example 
of a bitwise AND. 

1010 0110 
& 0011 1011 

0010 0010 

Notice how the resulting bit is set, based on the outcome 
of the operation being applied to the corresponding bits 
in each operand. 

The l's complement operator is a unary operator 
that reverses the state of each bit within an integer or 
character. 
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Examples 

1. The XOR operation has one interesting property. 
When the outcome of an XOR operation is XORed 
with the same value a second time, the initial value 
is produced. For example, this output. 

initial value of i: 100 
i after first XOR: 21895 
i after second XOR: 100 

is produced by the following program: 

#include "stdio.h" 

void main(void) 

{ 

int i ; 
i = 100; 

printf("initial value of i: %d\n", i) ; 
i - i * 21987; 

printf ("i after first XOR:. %d\n", i) ; 
i = i A 21987; 

printf("i after second XOR: %d\n", i) ; 

) 

2. The following program uses a bitwise AND to dis¬ 
play, in binary, the ASCII value of a character typed 
at the keyboard. 

#include "stdio.h" 

#include "conio.h" 

void main(void) 

{ 

char ch; 
int i ; 
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printf("Enter a character: ”) ; 
ch - getche ( ); 
printf (’*\n**) ; 

/* display birary representation *7 
for(i-128; i>0; i-i/2) 
if(i & ch) printf("1 "); 
else printf("0 ")/ 

) 

The program works by adjusting the value of i so 
that only one bit is set each time a comparison is 
made. Since the high-order bit in a byte represents 
128, this value is used as a starting point. Each time 
through the loop, i is halved. This causes the next bit 
position to be set and all others cleared. Thus, each 
time through the loop, a bit in ch is tested. If it is 1, 
the comparison produces a true result and a 1 is 
output. Otherwise a 0 is displayed. This process 
continues until all bits'have been tested. 

3. By modifying the program from Example 2, it can 
be used to show the effect of the l's complement 

operator. 

#include "stdio.h" 

#include "conio.h" 

void main (void) 

( 

char ch; 
int i; 

ch - 'a' / 

/* display binary representation */ 
£or{i»128; i>0; i-i/2) 

if(i & ch) printf("1 "); 
else printf("0 ") ; 

/* reverse bit pattern */ 
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ch = ~ch; 
printf("\n"); 


} 


/ display binary representation */ 
for (i=128; i> 0 ; i=i/ 2 ) 

rf(i & ch) printf("i "); 
else printf("0 ") ; 


When you run this program, you will see that the 
state of bits in ch are reversed after the ~ opera i; 
has occurred. . r 

4. The following program shows how to use the & 
operator to determine if a signed integer is positive 
or negative. (The program assumes 16-bit integers.) 
Since negative numbers are represented with their 
high-order bits set, the comparison will only be true 
if i is negative. (The value 32768 is the value of an 
unsigned integer when only its high-order bit is set. 
This value is 1000 0000 in binary.) 

^include "stdio.h" 

v °id main(void) 

( 

int i; 


Printf("Enter a number: "); 
scanf("%d", &i) ; 


^ if(i & 32768) printf("number is negative"); 

The following program makes i into a negative 
dumber by setting its high-order bit. 

include "studio.h" 

^°id main(void) 
int i ; 
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i = 1; 

i = i | 32768; 
printf("%d", i); 

} 

It displays -32,767. 


Exercises 

1. One very easy way to encode a file is to reverse the 
state of each bit using the - operator. Write a pro¬ 
gram that encodes a file using this method. (To 
decode the file, simply run the program a second 
time.) Have the user specify the name of the file on 

the command line. 

2 A better method of coding a file uses the XOR oper¬ 
ation combined with a user-defined key. Write a 
proi ram that encodes a file using this method. Have 
the user specify the file to code as well as a single 
character key on the command line. (To decode the 
file, run the program a second time using the same 

key.) 

3. What is the outcome of these operations? 

a. 1010 0011 & 0101 1101 

b. 01011101 I mi 1011 

c. 0101 0110 A 1010 1011 

4. Sometimes, the high-order bit of a byte is used as a 
parity bit by modem programs. It is used to verify 
the integrity of each byte transferred. There are two 
types of parity: even and odd. If even parity is used, 
the parity bit is used to ensure that each byte has an 
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even number of 1 bits. If odd parity is used, the 
parity bit is used to ensure that each byte has an odd 
number of 1 bits. Since the parity bit is not part^f 
the information being transferred, show how you 
can clear the high-order bit of a character value. 


W f) MASTER THE SHIFT 
* OPERATORS 


C includes two operators not commonly found in other 
computer languages: the left and right bit-shift opera¬ 
tors. The left shift operator is «, and the right snift 
operator is ». These operators may be applied only to 
character or integer operands. They take these general 
forms. 

variable « integer-expression 
variable » integer-expression 

The value of the integer expression determines how 
many places to the left or right the bits within the 
variable are shifted. Each left-shift causes all bits within 
the specified variable to be shifted left one position and 
a zero is brought in on the right. A right-shift shifts all 
bits to the right one position and brings a zero in on the 
left. When bits are shifted off and end, they are lost. 

A right shift is equivalent to*dividing a number by 
2, and a left shift is the same as multiplying the number 
by 2. However, because of the internal operation of 
virtually all CPUs, shift operations are faster than their 
equivalent arithmetic operations. 
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Examples 

1. This program demonstrates the right and left shift 
operators. 

#include "stdio.h" 

void show_binary(unsigned u) ; 

void main(void) 

( 

unsigned u; 

u = 45678; 

show_binary(u); 
u = u << 1; 
show_binary(u); 
u = u » 1 ; 
show_biiiary (u) ; 

} 

void show_binar‘y7unsigned u) 

{ 

unsigned long 1; 

for(1=32768; 1>0; 1=1/2) 
if (u & 1) printf("1 ") ; 
else printf("0 ") ; 

printf("\n") ; 

) 

The output from this program is 

1011001001101110 
011 0010011011100 
0011001001101110 

Notice that after the left shift, a bit of information 
has been lost. When the right shift occurs, a zero is 
brought in. As stated earlier, bits that are shifted off 
one end are lost. 
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2. Since a right shift is the same as a division by two, 
but faster, the show_binary() function can be made 
more efficient as shown here. 

void show_binary(unsigned u) 
l 

unsigned 1; 

for (1=32768; 1 ; l=l»l) 
if(u & 1) printf ("1 ”); 
else printf ("0 "); 

printf("\n"); 

) 

Exercises 

1. Write a program that uses the shift operators to 
multiply and divide an integer. Have the user enter 
the initial value. Display the result of each operation. 

2. C does not have a rotate operator. A rotate is similar 
to a shift, except that the bit shifted off one end is 
inserted onto the other. For example, 1010 0000 
shifted left one place is 0100 0001. Write a function 

• called rotate() that rotates a byte left one position 
each time it is called. (Hint, you will need to use a 
union so that you can have access to the bit shifted 
off the end of the byte.) Demonstrate the function 
in a program. 

U ry UNDERSTAND THE ? 

•/ OPERATOR _ 

C contains one ternary operator: the ?. A ternary operator 
requires three operands. The ? operator is used to re¬ 
place statements such as 
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if (condition) var = expl; 
else var = exp2; 

The general form of the ? operator is 
var = condition ? expl: exp2 ; 


Here, condition is an expression that evaluates t a true or 
false. If it is true, var is assigned the value of cxpl. If it is 
false, var is assigned the value of expl. The reason for 
the ? operator is that a C compiler can produce more 
efficient code using it instead of the equivalent if/else 
statement. 

Examples 

1. The follow, ing program illustrates the'? operator. It 
inputs a number and then converts the number into 
1 if the number is positive and -1 if it is negative. 

#include "stdio.h" 

void main(void) 

{ 

int i; 

printf("Enter a number: "); 
scanf( "%d", £i); 

i = i>0 ? 1: -1; 

printf ("Id", i); 

) 

2. The next program is a computerized coin toss. It 
waits for you to press a key and then prints either 
heads or tails. 

♦include "stdio.h" 

♦include "stdlib.h" 
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#include "conio.h" 
void main(void) 

i ' 

int i; 

while(Ikbhit( )) rand( ); 

i = rand( )%2 ? 1: 0; 

if (i) printf("heads") ; 
else printf("tails") ; 

) 

The coin-toss program can be written in a more 
efficient way. There is no technical reason that the ? 
operator need assign its value to any variable. 
Therefore, the coin toss program can be written as 

#include "stdio.h" 

#include "stdlib.h" 

#include "conio.h" 

void main(void) 

( 

while(Ikbhit( )) rand( ); 

rand( )%2 ? printf("heads") : printf ("tails"); 

} 

Remember, since a call to a function is a valid C 
expression, it is perfectly valid to call printff) in the 
? statement. 


Exercises 

1. One particularly good use for the ? operator is to 
provide a means of preventing a division-by-zero 
error Write a program that inputs two integers from 
the user and displays the result of dividing the first 
by the second. Use ? to avoid division by zero. 
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2. Convert the following statement into its equivalent 
? statement. 

if(a>b) count = 100; 
else count = 0; 

n o DO MORE WITH THE 

ASSIGNMENT OPERATOR 


The assignment operator is more powerful in C than in 
most other computer languages. In this section, you will 
learn some new things about assignments. 

You can assign several variables the same value 
using the general form 

varl = varl = var3 =...= varN = value-, 

For example, this statement '• 

i = j = k = 100; 

I 

assigns i, j, and k the value 100. In professionally writ¬ 
ten C code, it is common to see such multiple-variable 
assignments. 

Another variation on the assignment statement is 
sometimes called C shorthand. In C, you can transform 
a statement like y 

a = a + 3; 

into a statement like 


a += 3; 
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In general, any time you have a statement of the form 
var = var op expression; 

You can write it in shorthand form as 
var op= expression; 

Here, op is one of the following operators. 

+ 


/ 

% 

« 

» 

& 

I 

A 

There must be no space between the operator and the 
equal sign. The reason you will want to use the short¬ 
hand form is not that it saves you a little typing effort, 
but because the C compiler can create more efficient 
executable code. 


Examples 

1. The following program illustrates the multiple-as¬ 
signment statement. 
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#include "stdio.h" 

void main(void) 

{ 

int i, j, k; 
i=j=k=99; 

printf("%d %d %d", i, j, k) ; 

) 

2. The next program counts to 98 by twos. Notice that 
it uses C shorthand to increment the loop-control 
variable by two each iteration. 

#include "stdio.h" 

void main(void) 

{ 

int i; 

/* count by 2s */ 
for (i=0; i<100; i+=2) 
printf( M %d ", i); 

) 

3. The following prograifi uses the left-shift operator 
in shorthand form to multiply the value of i by 2, 
three times: (The resulting value is 8.) 

#include "stdio.h" 

void main(void) 

• { 

int i = 1; 

i «= 3; , /* multiply by 2 , 3 times */ 
printf("£d", i); 

' } 
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Exercises 

1. Compile and run the program in Example 1 to prove 
to yourself that the multiple-assignment statement 
works. 

2. How is the following statement written using C 
shorthand? 

x = x & y; 

3. Write a program that displays all the even multiples 
of 17 from 17 to 1000. Use C shorthand. 


n o UNDERSTAND THE COMMA 
OPERATOR 


The last operator we will examine is the comma. It has 
a very unique function: it tells the compiler to "do this 
and this and this." That is, the comma is used to string 
together several operations. The most common use of 
the comma is in the for loop. In the following loop, the 
comma is used in the initialization portion to initialize 
two loop-control variables, and in the increment por¬ 
tion to increment i and decrement j. 

for(i=o, j=0; i+j<count; i++, j++) . . . 

The value of a comma-separated list of expressions 
ls the rightmost expression. For example, the following 
statement assigns 100 to value. 

v alue = (count, 99,33,100); 
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The parentheses are necessary because the comma op¬ 
erator is lower in precedence than the assignment op¬ 
erator. 


Examples 

1. This program displays the numbers 0 through 49. It 
uses the comma operator to maintain two loop-con¬ 
trol variables. 

#include "stdio.h" 

void rrain(void) 

{ 

int i, j; 

/* count to 49 */ 
for(1=6, j=100; i<j; i++/ j —) 

printf(”%d ", i) ; 

) . 

2. In many places in C, it is actually syntactically cor¬ 
rect to use the comma in place of the semicolon. For 
example, e<lmine the following short program. 

#include "stdio.h” 

^include "conio.h” 

void main(void) 

{ 

char ch; 

ch = getch( ), /* notice the comma here */ 

putchar(ch+1); 


y 


Scanned by CamScanner 



Advanced Data Types and Operators 413 


i 


Because the comma tells the compiler to "do this and 
this, the program runs the same with the comma 
after getch() as it would had a semicolon been used. 
Using a comma in this way is considered extremely 
bad form, however. It is possible that an unwanted 
side effect could occur. (This use of the comma 
operator does make interesting coffee-break conver¬ 
sion, however! Many C programmers are not aware 
of this interesting twist in the C syntax.) 

Exercises 

1. Write a program that uses the comma operator to 
maintain three for loop-control variables. Have one 
variable run from 0 to 99, the second run from -50 
to 49, and have the third set to the sum of the first 
two, both initially and each time the loop iterates. 
Have the loop stop when the first variable reaches 
100. Have the program display the value of the third 
variable each time the loop repeats. 

2. What is the value of i after the following statement 
executes? 

i = (1, 2, 3); 

n -i rv KNOW THE PRECEDENCE 

. 1U SUMMARY__ 

The following table shows the precedence of all the C 
operators. - 
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Highest ()[]->. 

' ~ ++ -- - (typecast) * & sizcof 
-■* / % 

+ - 
« » 

< <= > >= 

& 

A 

I 

&& 

I I 
? 

Lowest , 

EXERCISES 


At this point you should be able to answer these ques¬ 
tions and perform these exercises. 

1. What does the register specifier do? 

2. What do the const and volatile modifiers do? 

3. Write a program that sums the numbers 1 to 100. 
Make the program execute as fast as possible. 

4. Is this statement valid? If so, what does it do? 

tvpedef long double bigfloat; 

5. Write a program that inputs two characters and 
compares corresponding bits. Have the program 
display the number of each bit in which a match 
occurs. For example, if the two integers are 

1001 0110 
1110 1010 


MASTERY 
SKILLS CHECK 

' V 
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the program will report that bits 7, 1, and 0 match. 
(Lse Lne bitwise operators -to solve this problem.) 

6. What do the « and » operators do? 

7. Show how this statement can be rewritten. 

C = C T 1C; 


8. Rewrite this statement using the ? operator. 

if ('.done) count = 100; 
else count = 0; 

9. What is an enumeration? Show an example that 
enumerates the planets. 


EXERCISES 

~ ' ■ ■ ■ - - v -- —- 

This section checks how well you have integrated the 

material in this chapter with that from earlier chapters. 

1. Write a program that swaps the low-order four bits 
of a byte with the high-order four bits. Demonstrate 
that your routine works by displaying the contents 
of the byte before and after, using the show_binary() 
function developed earlier. (Change show_binary() 
so that it works on an eight-bit quantity, however.) 

2. Earlier you wrote a program that encoded files using 
the Is complement operator. Write a program that 
reads a text file encoded using this method arid 
displays its decoded contents. Leave the actual file 
encoded, however. 

3. Is this fragment correct? 

register FILE *fp; 


INTEGRATING 
NEW SKILLS 
CHECK 

V 
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4. Using the program you developed for Chapter 10, 
Section 10.3, Exercise 1, optimize the program by 
selecting appropriate local variables to become reg¬ 
ister types. 
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The C Preprocessor and 
Some Advanced Topics 

Congratulations! If you have worked your way through 
all the preceding chapters, you can definitely call your¬ 
self a C programmer. This chapter examines three top¬ 
ics: the C preprocessor, pointers to functions, and C's 
dynamic allocation system. All of the features discussed 
in this chapter are important, and you need to be aware 
of their existence. However, you won't use many of 
them right av/ay. This is not because any of the features 
discussed in this chapter are particularly difficult, but 
because some features are more applicable to large 
programming efforts and the management of sophisti¬ 
cated systems. As your proficiency in C increases, how¬ 
ever, you will begin to make use of them. 


410 
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EXERCISES 


Before proceeding you should be able lo answer these 
questions and perform these exercises. 

1. What is the major advantage gained when a variable 
is declared using register? 

2. What is wrong with this function? 

void myfunc(const *i) 

{ 

*i = *i / 2; 

) 

3. What is the outcome of these operations? 

a. 1101 1101 & 1110 0110 

b. 110M101 I 11100110 

c. 1101 1101 A 1110 0110 

4. Write a program that uses the left and right shift 
operators to double and halve a number entered by 
the user. 

5. How can these statements be written differently? 

a = 1; 
b = 1; 
c - l; 

if(a<b) max = 100; 
else max = 0; 

i = i * 2; 

% 

6. What is the extern type specifier for? 


SKILLS CHECK 

V 
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IT 1 LEARN more about 

L • 1 #define AND #include 


Although you have been using #define and #include 
for some time, both have more features than you cur¬ 
rently know. This section covers these features. 

In addition to using #define to simply define a 
macro name that will be substituted by the string asso¬ 
ciated with that macro, you can use #define to create 
function-like macros. In a function-like macro, arguments 
can be passed to the macro when it is expanded by the 
preprocessor. For example, consider this program. 

#include "stdio.h" 

tdefine SUM(i, j) i+j 

void main(void) 

{ 

int sum; 

I 

sum = SUM(10, 20); 
printf("%d", sum); 

) 

The line 


sum = SUM(10, 20) ; 

is transformed into 

sum = 10+20; 
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by the preprocessor. As you can see, the values 10 and 
20 are automatically substituted lor the parameters i 
and j by the preprocessor. 

A more practical example is RANGE(), illustrated 
x A .*• 

in the following simple program. It is used to conlirm 
that parameter i is within the range specified by pa- 
rameters min and max. You can imagine how useful a 
macro like RANGE can be in programs that must per¬ 
form several range checks. This program uses it to 
display random numbers between 1 and 100. 

"include "stdio.h" 

^include "ccnio.h" 

"include "stdlib.h" 

#define RANGE(i, min, max) (icmin) |I (i>max) ? 1 : 0 

void main(void) 

( 

ini r; 

/* print random numbers between 1 and 100 */ 
do { 
do { 

r = rand( ) ; 

) while(RANGE(r, 1, 100)); 
printf (" od ", r) ; 

) while(!kbhit( )); 


The advan tage to using function-like macros instead 
of functions is that in-line code is generated by the 
macro, thus avoiding the time it takes to call and return 
from a function. Of course, only relatively simple oper¬ 
ations can be made into function-like macros Also 
because code is duplicated, the resulting program will 
usually be longer than it would be if a function were 
used. 
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The include directive actually has these two veil- 
oral forms ° 

I 

include" filename “ 

"include <filename> 

So far, all the example programs have used the first 
form. The reason for this will become apparent after you 
read the following descriptions. 

If you specify the file name between angle brackets, 
you are instructing the compiler to search for the file in 
some implementation-defined manner. For most com¬ 
pilers, this means searching a special directory devoted 
to header files. If you enclose the file name between 
quotes, the compiler searches for the file in another, 
implementation-defined manner. If thatsearch fails, the 
search is restarted as if you had specified the file name 
between angle brackets. For the majority of compilers, 
enclosing the name between quotes causes the current 
working directory to be searched first. 

The examples in this book have used quotes because 
there is a greater likelihood of finding the header file 
with this form. Often beginning C programmers do not 
configure their C compiler the way the compiler ex¬ 
pects. Using quotes, therefore, helps make sure that the 
header files are found. If you know that you have 
correctly configured your system, feel free to use the 
angle brackets, because this form may speed up compile 
times slightly. 

Examples 

1. Here is a program that uses the function-like macro 
MAX to compute which argument is larger. Pay 
close attention to the last printf() statement. 
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II include "atdio.h" 

idefine MAX(i, j) i>j ? j. : j 

void main(void) 

( 

printf("%d\n", MAX(1, 2)); 
printf("%d\n" # MAX(1, -1)); 

/* this statement does not work correctly */ 
printf("%d\n", MAX(100 || -1, 0) )/ 

) 

When the preprocessor expands the final printf() 
statement, the MAX macro is transformed into the 
expression 

100 | | -1 > 0 ? 100 M -1 : 0 

Because of C's precedence rules, however, this ex¬ 
pression is executed as if these parentheses 

100 | I ; (-l > 0) ? 100 | | -1 : o 

had been added. As you can see, this causes the 
wrong answer to be computed. To fix this problem, 
the macro needs to be rewritten as 

#define MAX(i, j) ( (i)> (j)) ? (i) : (j) 

Now the macro works in all possible situations. In 
general, you will need to fully parenthesize all pa¬ 
rameters to a function-like macro. 

Note: The RANGEO macro discussed earlier 
will need similar parenthesization as well if it is to 
work in all possible situations. This is left as an 
exercise. 

2. The next program uses angle brackets in the #in- 
• elude directive. 

#include <stdio.h> 
void main(void) 
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printC("This is a test"); 

) 

3. It is permissible to use both forms of the #include 
directive in the same program. For example, 

#include <stdio.h> 

#include "stdlib.h" 

.void main (void) 

( 

printf t This is a random number: %d", rand( )); 

) 


Exercises 

i 

1. ' Correct the R ANGE() macro by adding parentheses 

in the proper locations. *- 

2. Write a program that uses a parameterized macro to 
compute the absolute value of an integer. Demon¬ 
strate its use in a program. 

Compile Example 2. If your compiler does not find 
STDIO.H, recheck the installation instructions that 
came with your compiler. 


^ rj r) UNDERSTAND CONDITIONAL 
1Z. Z COMPILATION 

The C preprocessor includes several directives that al¬ 
low parts of the source code of a program to be selec¬ 
tively compiled. This is called conditional compilation. 
These directives are 
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#if 

#else 

#elif 

#endif 

#ifdef 

#ifndef 

This section examines these directives. 

The general form of #if is shown here 

#if constant-expression 
statement-sequence 
#endif 

If the value of the constant-expression is true, the state¬ 
ment or statements between #if and #endif are com¬ 
piled. If the constant-expression is false, the compiler 
skips the statement or statements. 1 ,Keep in mind that the 
preprocessing stage is the first stage of compilation, so 
the constant-expression means exactly that. No variables 
may be used. ■ 

You can use the #else to form an alternative to the 
#if. Its general form is shown here. 

#if constant-expressioy 
statement-sequence 
#else 

statement-sequence 
#e ndif 

j i 11" 

'i * 

Notice that there is only one #endif. The #else automat¬ 
ically terminates the #if block of statements. If the con¬ 
stant-expression is false, the statement or statements 
associated with the #else are compiled. 
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You can create an if-else-if ladder using the #elif , 
directive, as shown here. 

#if constant-expression-1 
statement-sequence 
#elif constant-expression-2 
statement-sequence 
#elif constant-expression-3 
statement-sequence 


#endif 

^As soon as the first expression is true, the lines of code 
associated with^hat expression are compiled, and the 
rest of the code is skipped. 

Another approach to conditional compilation'is the 
#ifdef directive. It has the general form 

! 

#ifdef macro-name 
statement-sequence 
#endif 

If the macro-name is currently defined, then the. state¬ 
ment-sequence associated with the #ifdef directive will 
be compiled. Other wise*, it is SKippgd; The #jelse may 
also be used with #ifdef to. provide an alternative. 
However, #elif may notice used. 

1 The complement of4if def is #ifndef. It has the same 
general form as #ifdef. %he only difference is that the 
statement sequence associated with an #ifftdef direc¬ 
tive is compiled only if the macro-name ia not deiined. 
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Examples 

1. Sometimes you will want a program's behavior to 
depend on a parameter in the program. Although 
examples that are both short and meaningful are 
hard to find, the following program gives the flavor 
of it. This program can be compiled to display either 
the ASCII character set by itself, or the full extended 
set, depending on the value of CHAR_SET. As you 
know, the ASCII character set defines characters for 
the values 0 through 127. However, most computers 
reserve the values 128 through 255 for foreign-lan¬ 
guage characters and mathematical and other spe¬ 
cial symbols. (You might want to try this program 
with CHAR_SET set to 256. You will see some very 
interesting characters!) 

#include "stdio.hr 

/* define CHAR_SET as either 256 or 128 */ 

#define CHAR_SET 256 

I 

void main(void) 

{ 

int i; 

#if CHAR_SET == 256 

printf("displaying full ASCII character set plus 
extensions"); 

#else 

printf("displaying only ASCII character set"); 
#endif 

printf("\n"); 
for(i=0; i<CHAR_SET; i++) 
printf("%c", i); 

) 

j 

2. A good use of #ifdef is for imbedding debugging 
information into your programs. For example, here 
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is a program that copies the contents of one file into 
another. 

/* Copy a file. */ 
tinclude "stdio.h" 

#include "stdlib.h" 

tdefine DEBUG 

void main (int arge, char *argv[]) 

{ 

FILE *from, *to; 
char ch; 

/* see if correct number of command line 
arguments 

*/ 

if (arge!=3) { 

printf("Usage: copy <source> <destination>\n") ; 
exit (1) ; 

) 

** 

/* open source file */ 

if((from = fopen(argv[1], "rb"))==NULL) { 

printf("Cannot open source file\n"); i 

exit(1)/ 

) 

/* open destination file */ 
if((to = fopen(argv[2], "wb" ))==NULL) { 
printf("Cannot open file\n"); 
exit(1); 

) 

/* copy the file */ 
while(!feof(from)) ( 

ch = fgetc(from); 
if (ferror(from)) ( 

printf("error reading source file\n") ; 
exit(1) ; 

) 

if(!feof(from)) ( 
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fputcfc? to); 

#ifdef DEBUG 

putr' . (ch) ; 

#endif 

) 

if ([error (to) ) {- 

printf("er. or writing destination file\n") ; 

gvjf(M 

) 

} 

f close ( fro:./ ; 
fclose (to)/ 

} 

If DEBUG is defined, the program displays each 
byte as it is transferred. This can be helpful during 
the development phase. Once the program is fin¬ 
ished, the statement defining DEBUG is removed, 
and the output is not displayed. However, if the 
program ever misbeha’.yes in the future, DEBUG can 
be defined again, and output will be shown on the 
screen. While this might seem like a lot of work for 
such a simple program, in attual practice programs 
may have many debugging statements, and this 
procedure can greatly facilitate the development 
and testing cycle. 

Note: As shown in this program, to simply de¬ 
fine a macro name, you do not have to associate any 
string with it. 

3. Continuing with the debugging theme, it is possible 
to use the #if to allow several levels of debugging 
code to be easily managed. For example, here is one 
of the encryption programs from the answers to 
Chapter 11 that supports three debugging levels. 

#include "stdio.h” 

#include "stdlib.h" 

/* DEBUG levels: 
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0: no debug 

1: display byte read from source file 
: display byte written to destination file 
3: display bytes read and bytes written 

* / 

#define DEBUG 2 

void main(int arge, char *argv[]) 

{ 

FILE *in, *out; 
unsigned char ch; 

if(argc!=4) { 

printf("Usage: code <in> <out> <kev>"); 
exit (1); 

} : 

if((in = fopen(argy[1] ; "rb"))==NULL) { 
printf("cannot open input file"'- 
exit (1) ; 

) 

if((out = fopen(argv[2], "wb"))==NULL) { , 

printf("cannot open output file"); 
exit (1); 

) . 

while (!feof (in)) ( 

ch = fgetc(in); 

#if DEBUG ==111 DEBUG == 3 
putchar(ch); 

#endif . •' 

ch = *argv[3} A ch; 

#if DEBUG >= 2 
putchar(ch); 

#endif 

if (!feof (in)) fputc(ch, out) ; 

1 

fclose(in); 
fclose(out); 

) 
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4. The following fragment illustrates the #elif. It dis 
plays NUM is 2 on the screen. 

tdefine NUM 2 


#if NUM — 1 

printf("NUM is 1")/ 
#elif NUM = 

printf("NUM _s 2") ; 
#elif NUM == 3 

printf("NUM is 3"); 
#else NUM == 4 

printf("NUM is 4"); 
#endif 


Exercises *; 

1. Write a program that defines three macros called 
INT, FLOAT, and PWRTYPfc. Define INT as 0, 
FLOAT as 1, and PWR_TYPE as either INT or 
FLOAT. Have the program request two numbers 
from the user and display the result of the first 
number raised to the second number. Using #if and 
depending upon the value of PWR_TYPE, have 
both numbers be integers, or allow the first number 
to be a double. 

2. Is this fragment correct? If not, show one way to fix 

it. » 

#define MIKE 
#ifdef !MIKE 


#endif 
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LEARN ABOUT #error, #undef, 
#line, AND #pragma 


C's preprocessor supports four seldom-used directives: 
#error, #undef, #line, and #pragma. Each will be exam¬ 
ined in turn here. 

The terror directive has the general form 
#error error-message 

It causes the compiler to stop compilation and issue the 
error-message along with other implementation-specific 
information, which will generally include the number 
of the line the #error directive is in and the name of the 
file. Note that the error-message is not enclosed between 
quotes. The principle use of the #error directive is in 
debugging. 

The #undef directive undefines a macro-name. Its 
general form is 

#undef macro-name 

If the macro-name is currently undefined, #undef has no 
effect. The principal use for #undef is to localize macro¬ 
names. 

When a C compiler compiles a source file, it main¬ 
tains two pieces of information: the number of the line 
currently being compiled and the name of the source 
file currently being compiled. The #line directive is 
used to change these values. Its general form is 

Wine line-num " filename " 

ttere, line-num becomes the number of the next line of 
source code, and filename becomes the name the com- 


Scanned by CamScanner 



434 Teach Yourself C 


piler will associate with the source file. The value of 
line-num must be between 1 and 32,767. The filename 
may be a string consisting of any valid file name. The 
principle use for #line is for debugging and for manag¬ 
ing large projects. 

The #pragma directive allows a compiler's imple¬ 
mentor to define other preprocessing instructions to be 
given to the compiler. It has the general form 

#pragma instructions - 

If a compiler encounters a #pragma statement that it 
does not recognize, it ignores it. Whether your compiler 
supports any #pragmas depends on how your compiler 
was implemented. 

Examples 

1. This program demonstrates the #error directive. 

#include "stdio.h" 

void main(void) 

{ 

int i; 
i - 10; 

(terror this is an error message 

} Printf("%d", i); /* this line will not be compiled */ 

As soon as the #error directive is encountered, com¬ 
pilation stops. 

2. The next program demonstrates the #undef direc¬ 
tive. As the program states, only the first printf() 
statement is compiled. 
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tinclude "stdio.h" 

#define DOG 

void main(void) 

{ 

#ifdef DOG 

printf("DOG is defined"); 

#endif 

#undef DOG 

#ifdef DOG 

printf("this line is not compiled"); 

#endif 

). 

3. The following program demonstrates the #line di¬ 
rective. Since virtually all implementations of #error 
display the line number and name of the file, it is 
used here to verify that #line did, in fact, perform its 
function correctly. (In the next section, you will see 
how a C program can directly access the line number 
and file name). 

#include "stdio.h" 

void main (void) 

( 

int i; 

/* reset line number to 1000 and file name to 
myprog.c 

*/ 

#line 1000 "myprog.c" 

terror check the line number and file name 

) 

4. Although the ANSI standard does not specify any 
#pragma directives, on your own check your com¬ 
piler's user manual and learn about any supported 
by your system. 
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Exercises 

1. Try the example programs. See how these directives 
work on vour system. 

|2 4 £XAMINE Cs BUILT ~ IN MACROS 

If your C compiler complies with the ANSI C standard, 
it will have at least five predefined macro names that 
your program may use. They are 

_line_ 

_FILE_ 

_DATE_ 

_TIME_ 

_STDC_ 

Each of these is examined here. 

The_ _LINE_ _ macro contains an integer value that 
is equivalent to the line number of the source line 

currently being compiled. 

The _ _FILE_ _ macro defines a string that is the 

name of the file currently being compiled. 

The _ _DATE_ _ macro defines a string that holds 
the current system date. The string has the general form 

month /day / year 

The _ _TIME_ _ macro defines a string that contains 
the time the compilation of a program began. The string 
has the general form 

t ' i 

hoursmiinutes’.seconds 
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The —STDC— is defined as the value 1 if the 
compiler conforms to the ANSI standard. 

Note: \ou may not undefine a predifined macro 
using #undef. 


Examples 

1. This program demonstrates the macros_LINE 

_ _FILE_ _, _ _DATE_ _, and _ _TIME_ 

#include "stdio.h" 


void main(void) 

{ 

printf("Compiling %s, line: %d, on %s, at Ss", 

_FILE_,_LINE_,_DATE_,_TIME 

) 

It is important to understand that the values of the 
macros are fixed at compile time. For example, if the 
following program is called T.C, and it is compiled 
on July 3,1995, at 10 A.M., it will always display this 
output no matter when the program is run. 

Compiling T.C, line: 6, on Jul 3 1995, at 10:00:00 


) 


The main use of of these macros is to create a time 
and date stamp, which shows when the program was 
compiled. 


2. As you learned in the previous section, you can use 
the #line directive to change the number of the 
current line of source code and the name of the file. 
When you do this, you are actually changing the 
values of _ _LINE_ _ and _ _FILE_ For example, 

this program sets_LINE_to 1G0 and_FILE_ 

to myprog.c. 
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* 


^include "stdio.h" 


void main^void) 

( 

#lise 100 "myprog.c” 

printf("Compiling %S, line: %d, 

_FILE_,_£INE_,_1 

) 


on % s / 
DATE 


at 


3 ", 


The program displays the following output, assum¬ 
ing it was compiled on July 3,1995, at 10 A.M. 

Compiling myprog.c, line: 101, on Jul 3 1995, at 


TIME_) ; 

' v 


10:00 :00 


Exercise 

1. Compile and run the example’programs. 

12 5USE THE# AND##OPERATORS 

The C preprocessor contains two little-used but poten¬ 
tially valuable operators: # and ##. The # operator turns 
the argument of a function-like macro into a quoted 
string. The ## operator concatenates two identifiers. 

Examples 

1. This program demonstrates the # operator. 

#include "stdio.h" 

#define MKSTRING(str) # str 
void main(void) 


Scanned by CamScanner 



C Preprocessor and Advanced Topics 439 


int value; 
value = 10; 

printf("%s is %d", MKSTRING(value), value); 

) 

The program displays value is 10. This output oc¬ 
curs because MKSTRINGO causes the identifier 

value to be made into a quoted string. 

% 

2. The following program demonstrates the ## oper¬ 
ator. It creates the output() macro, which translates 
into a call to printf(). The value of two variables, 
which end in 1 or 2, is displayed. 

♦include "stdio.h" 

♦define output(i) printf("%d %d\n , i ♦♦ 1, i 
void main (void) 

{ 

int count1, count2; 

int il, i2; 1 

count 1 = 10; 
count2 = 20; 

11 = r s't; 

12 = 

output'count); 
output ' i) > 

) 

The program displays 10 20 99 -1. In the calls to 
output!), count and i are concatenated with 1 and o 
form the variable names countl, count2, il, and i2 in 
the printf() statement. 


♦ ♦ 2 ) 


( 


4 
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Exercises 

1. Compile and run the example programs. 

2. What does this program display? 

#include "stdio.h" 

#define JOIN(a, b) a ## b 

void main(void) 

{ 

printf(JOIN("one ", "two")); 

) 

3. On your own, experiment with the # and ## op¬ 
erators. Try to think of ways they can be useful to 
you in your own programming projects. 

1 O £ UNDERSTAND FUNCTION 
JLZ.O POINTERS 


This section introduces one of C's most important ad¬ 
vanced features: the function pointer. Although it is 
beyond the scope of this book to discuss ail the nuances 
and implications of function pointers, this section will 
, cover the main points. 

A function pointer is a variable that contains the 
address of the entry point of a function. As you proba¬ 
bly know, when the*compiler compiles your program, 
it creates an entry point to each function in the program. 
After the program is linked, this entry point has a 
physical address, which is called each time a function 
is referenced. Since this is an address, it is possible to 
have a pointer variable point to it. Once you have a 
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pointer to a function, it is possible to actually call that 
function using the pointer. You will see shortly why you 

might want to do this. 

To create a variable that can point to a function, 
declai e the pointer as having the same type as the return 
type of the function, followed by any parameters. For 
example, the following declares p as a pointer to a 
function that returns an integer and has two integer 
parameters, a and b. 

int (*p) (int a, int b) ; 

The parentheses surrounding *p are necessary because 
of C's precedence rules. 

To assign the address of a function to a function 
pointer, simply use its name without any parentheses. 
For example, assuming that sum() has the prototype 

int sum(int a, int b); 

the assignment statement 

p = sum; 

is correct. Once this has been done, you can call sum() 
indirectly through p using a statement like 

result = (*p)(10, 20); 

Again, because of C's precedence rules, the parentheses 
are necessary around *p. 
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Examples 

1. a first example, this program fills in the details 
anct demonstrates the function pointer that was just 
described. 

♦include "stdio.h" 

int sum(int a, int b); 

void main(void) 

{ 

int (*p)j(int a, int b) / 
int result; 

» , 
p = sum; /* get address of sum( ) */ 

result = (*p)(10, 20); 
printf(”%d", result); 

) * 

sum(int a, int b) 

. f 

return a+b; 

1 \ 

1 * . 

The program prompts the user for two numbers, 

J calls sumO indirectly using p, and displays the 
result. 

2. . Although the program in.Example 1 illustrates the 
mechanics of usiftg function pointers, it does not 
even hint at their power. The following example. 
However, will give you a taste. 

One of the most important uses of function 
pointers occurs when a function-pointer array is 
created. Fach element in the array can point to a 
different function. To call any specific function, the 
array is simply indexed. A function pointer array 
n!' m v5 very efficient code to be written when a 
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variety of different functions need to be called under 

i ering circumstances. Function-pointer arrays are 
typically used when writing systems software, such 
as compilers, assemblers, and interpreters. How¬ 
ever, they are not limited to these applications. 

Although meaningful, short examples of func¬ 
tion-pointer arrays are difficult to find, the program 
shown here hints at their power. Like the program 
in Example 1, this program prompts the user fLr two 
numbers. Next, it asks the user to enter the number 
of the operation to perform. This number is then 
used directly to index the function-pointer array to 
execute the proper function. Finally, the result is 
displayed. 

#include "stdio.h" 

int sum(int a, int b) ; 
int subtract(int a, int b); 
int mul(int a, int b); 
int div(int a, int b); 

int (*p[4]) (int a, int b) ; 

void main(void) 

( 

int result; 
int i, j, op; 

p[0] = sum; /* get address of sum( ) */ 
p[1] = subtract; /* get address of subtract( ) */ 
p[2] = mul; /* get address of mul( ) */ 
p[3] = div; /* get address of div( ) */ 

printf("Enter two numbers: "); 

' scant("%d1d", &i, &j); 

printf("0: Add, 1: Subtract, 2: Multiply, 3: Divide\n M ); 
do ( 

printf{"Enter number of operation: "); 
scanf("%d", &op); 
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) while(op<0 II op>3); 


result = (*p[op]) (if j ) ! 
printf("%d"/ result); 


sum(int a, int b) 

( 

return a+b; 

} 

subtract (int a, int b) 

{ 

return a-b; 

) 

mul(int a, int b) 

( 

return a*b; 

) 

t 

div(int 3/ int b) 

{ 

if(b) return a/b; 1 

else return 0; 

) 

When you study this code, it becomes clear that 
using a function-pointer array to call the appropri¬ 
ate function is more efficient than using a switch() 

statement. 

Before leaving this example, we can use it to 
illustrate one more point: function-pointer arrays 
can be initialized, just like any^other array. The 
following version of the program illustrates this. 

#include "stdio.h" 


int 

int 


sum (int a, int b); 

subtract (int a, int b); 
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Int mill ( int a, int b) ; 

int div(int a, int b); 

/* initialize the pointer array */ 
int l*pMl ) (int a, int b) - ( 
gum, subtract, mul, div 
) ; 

void main(void) 

( 

int result; 
int i, j, op; 

print!'("Enter two numbers: "); 
scanf("%d%d", &i, &j); 

print! ("0: Add, 1: Subtract, 2: Multiply, 
do ( 

printf("Enter number of operation: "); 
scanf ("Tsd" , &op) ; 

) while(op<0 II op>3); 

result - (*p[op]) (i> j) > 
printf("%d", result); 

) 

3 um(int a, int b) 

1 

return a+b; 

) 

subtract(int a, int b) 

I 

return a-b; 

) 

mul (int a, int b) 
l 

return a*b; 

) 

div(int. a, int b) 




: DivideXn"); 


I 
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{ 

if (b) return a/b; 
else return 0; 

] 

3. One of the most common uses of a function pointer 
occurs when utilizing another of C's standard li¬ 
brary functions, qsort(). The qsort() function is a 
generic sort routine that can sort any type of singly 
dimensioned array, using the Quicksort algorithm. 
Its prototype is 

void qsortCvoid *array, size_t number, size_t size, 
int (*comp)(const void *a, const void *b)); 

Here, array is a pointer to the first element in the 
array to be sorted. The number of elements in the 
array is specified by number, and the size of each 
element of the array is specified by size. (Remember, 
size_t is defined by the G compiler and is loosely the 
same as unsigned.) The final parameter is a pointer 
to a function (which you create) that compares two 
elements of the array and returns the following 
results. 

*a < *b returns a negative value 

*a == *b returns a zero 

*a > *b returns a positive value 

The qsort() has no return value. 

The following program loads a 100-element in¬ 
teger array with random numbers, sorts it, and dis¬ 
plays the sorted form. 

^include "stdio.h" 

^include "stdlib.h" 

int comp(int *i, int *j); 

void main(void) 

{ 
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int. sort: [100], i; 

for (1 = 0; i<100; i + + ) 
sort[i] = rand( ) ; 

qsort(sort, 100, sizeof(int), comp); 

for(i=0; i<100; i++) 

printf("%d\n", sort[i]); 

I 

comp(int *i, int *j) 

( 

return *i - *j ; 


Exercises 

1. Compile and run all of the Example programs. Ex¬ 
periment with them, making minor changes. 

2. Another of C's standard library functions is called 

bsearch(). This function is used to search a sorted ' 

array, given a key. It returns a pointer to the first 

entry in the array that matches the key. If no match * 

is found, a null pointer is returned. Its prototype is 

void *bsearch(const void *key, const void * array, * 

size_t number, size_t size, 
int (*comp)(const void *a, const void *b)); 

All the parameters to bsearch() are the same as for * 

qsort() except the first, which is a pointer to key, the 
object being sought. The comp() function operates 
the same for bsearch() as it does for qsort(). 

Modify the program in Example 3 so that after 
the array is sorted, the user is prompted to enter a 
number. Next, using bsearch(), search the sorted 
array and report if a match is FcmnH 
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3. Add a function called modulus() to the final version 
of the arithmetic program in Example 2. Have the 
function return the result of a % b. Add this option 
to the menu and fully integrate it into the program. 


'I 9 ry MASTER DYNAMIC 
1Z../ ALLOCATION 


This final section of the book introduces you to Cs 
dynamic-allocation system. Dynamic allocation is the 
process by which memory is allocated as needed during 
runtime. This allocated memory can be used for a var¬ 
iety of purposes. Most commonly, memory is allocated 
by applications that need to take full advantage of all 
the memory in the computer. For example, a word 
processor will want to let the user edit documents that 
are as large as possible. However, if the word processor 
Uses a normal character array, it must fix its size at 
compile time. Thus, it would have to be compiled to run 
• ^ computers with the minimum amount of memory, 
not allowing users with more memory to edit larger 
documents. If memory is allocated dynamically (as 
needed until memory is exhausted), however, any user 
may make iuII use of the memory in the system. Other 
uses for dynamic allocation include linked lists and 
binary trees. 

The core of Cs dynamic-allocation functions are 
malloc(), which allocates memory, and free( ), which 
releases previously allocated memory. Their proto¬ 
types are 

void *malloc(size_t numbytes ); 
void free(void *ptr); 
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Here, munbytes is the number of bytes of memory you 
wish to allocate. The malloc() function returns a pointer 
to the start of the allocated piece of memory. If malloc() 
cannot fulfill the memory request—for example, there 
may be insufficient memory available—it returns a null 
pointer. To free memory, call freeO with a pointer to 
the start of the block of memory (previously allocated 
using malloc()) you wish to free. Both functions use the 
header file STDLIB.H. 

Memory is allocated from a region called the heuy. 

Although the actual physical layout of memory may 
differ, conceptually the heap lies between vor.r pro¬ 
gram and the stack. Since this is a finite area, an alloca¬ 
tion request can fail when memory is exhausted. 

When a program terminates, all allocated memory 
is automatically released. 

Examples 

1. You must confirm that a call to malloc() is success¬ 
ful before you use the pointer it returns. If you 
perform an operation on a null pointer, you could 
crash your program and maybe even the entire com- 
p iter. The easiest way to check for a valid pointer is 
shown in this fragment. 

p =* malloc (SIZE) ; 
if(!p) < 

printf("Allocation Error"); 
exit(1) ; 

} 

2. The following program allocates 80 bytes and as¬ 
signs a character pointer to it. This creates a dynamic 
character array. It then uses the allocated memory 
to input a string using gets( ). Finally, the string is 
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redisplayed and the pointer is freed. (As staled ear¬ 
lier, all memory is freed when the program ends, so 
the call to free() is included in this program simply 
to demonstrate its use.) 

#include "stdio.h" 

#include "stdlib.h" 

void main(void) 

{ 

char *p; 
p = malloc(80) ; 
if(!p) ( 

printf{"allocation failed"); 
exit(1); 

) 

* 

printf("Enter a string: ") ; 
gets (p) ; 
printf(p); 
free (p) ; 

} 

3. The next program tells you approximately how 
much free memory is available to your program. 

#include "stdio.h" 

♦include "stdlib.h" 

void main(void) 

{ 

char *p; 
long 1; 

1 = 0 ; 
do ( 
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p = malloc(1000); 
if(p) 1 += 1000; 

) while(p); 


printf ( Approximately 9 old bytes of free memory", 1) 


The program works by allocating 1000-byte-long 
chunks of memory until an allocation request fails. 
When mallocf) returns null, the heap is exhausted. 
Hence, the value of 1 represents (within 1000 bvtes) 

the amount of free memory available to the pro¬ 
gram. 

4. One good use for dynamic allocation is to create 
buffers for file I/O when you are using fread(} 
and/or fwrite(). Often, you only need a buffer for 
a short period of time, so it makes sense to allocate 
it when needed and free it when done. The following 
program shows how dynamic allocation can be used 
to create a buffer. The program allocates enough 
space to hold ten floating-point values. It then as¬ 
signs ten random numbers to the allocated memory, 
indexing the pointer as an array. Next, it writes the 
values to disk and frees the memory. Finally, it 
reallocates memory, reads the file and displays the 
random numbers. Although there is no need to free 
and then reallocate the memory that serves as a file 
buffer in this short example, it illustrates the basic 
idea. 

#include "stdio.h" 

#include "stdlib.h" 


void main(void) 
l 
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int i; 
double *p; 

FILE *fp; 

/* get memory */ 

p = mallocfiO * sizeof (double)); 
if(!p) ( 

printf("Allocation Error"); 
exit (1); 


/* generate 10 random numbers */ 
for(i=0; i<10; i++) 

p[i] = (double) rand( ); 

if((fp = fopen("myfile", "wb") )==NULL) { 
print f ("cannot open file"); 
exit (1); 

} 

/* write the entire array in one step */ 
if(fwrite(p, 10*sizeof(double), 1, fp)!=1) { 

printf("write error"); 
exit (1) ; 

) 

fclose(fp); 

i 

free(p); /* memory not needed now */ 

/* 

imagine something transpires here 


*/ 

/* get memory again */ 
p = malloc(10 * sizeof (double)); 
if(!p) ( 
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printf("Allocation Error"); 
exit(1) ; 

) 

if((fp - fopen("myfile", "rb"))»=NULL) ( 
printf("cannot open file")/ 
exit (1); 

) 

/* read the entire array in one step */ 
if(fread(p, 10*sizeof(double), 1, fp)!=1) ( 

printf("read error"); 
exit(1); 

) 

fclose(fp); 

/* display the array */ 

for(i=0; i<10; i++) printf("%lf ", p[i]); 
free(p); 

) 

5. Just as array boundaries can be overrun, so can the 
boundaries of allocated memory. For example, this 
fragment is syntactically valid, but wrong. 

p = malloc(10); 

for(i=0; i<100; i) p[i3 = i; 


Exercises 

1. Compile and run the example programs. 

2. Write a program that creates a ten-element dynamic 
integer array. Assign the pointer to the dynamic 
array to an integer pointer. Next, using pointer 
arithmetic or array indexing, assign the value 1 
through 10 to the integers that comprise the array. 
Finally, display the values and free the memory. 
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3. What's wrong with this fragment? 

char *p; 

*p = mailoc(10) ; 
gets(p); 


EXERCISES 


At this point you should be able to answer these ques¬ 
tions and perform these exercises. 

1. What is the difference between using quotes and 
angle brackets with the #include directive? 

2. Using an #ifdef, show how to conditionally compile 
this fragment of code based upon whether DEBUG 
is defined or not. 

if(! (j %2)) { 

printf("j = %d\n", j); 
j = 0; 

1 

3. Using the fragment from Exercise 3, show how you 
can conditionally compile the code when DEBUG is 
defined as 1. (Hint: Use #if). 

4. How do you undefine a macro? 

5. What is_FILE_and what does it represent? 

6. What do the # and ## preprocessor operators do? 

7. Write a program that sorts the string "this is a test of 
qsort". Display the sorted output. 

8. Write a program that dynamically allocates memory 
for one double. Have the program assign that loca- 


MASTERY 
SKILLS CHECK 

V 
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lion the value 99.01, display the value, and then free 
the memory. 

J 


EXERCISES 


This section checks how well you have integrated the INTEGRATING 
material in this chapter with that from earlier chapters, nev/ skills 

r CHECK 

1. Section 10.1, Example 3, presents a computerized / 

card-catalog program that uses an array of struc- V 

tures ta hold information on books. Change this 
program so that only an array of structure pointers 

is created, and use dynamically allocated memen¬ 
to actually hold the information for each book as it 
is entered. This way, less memory is used when 
information on only a few books is stored. 

2. Show the macro equivalent of the function 

char code_it(char c) 

( 



Demonstrate that your macro version works in a 
program. 

3. On your own, look over the programs that you have 
written in the course of working through this book. 
Try to find places where you can 

• Use conditional compilation 

• Replace a short function with a function-like 
macro 

• Replace statically allocated arrays with dynamic 
arrays 
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• Use function pointers 

4. On your own, study the user's manual for your C 
compiler, paying special attention to the description 
of its standard library functions. The C standard 
library contains several hundred library functions 
that can make your programming tasks easier. Also, 
Appendix A in this book discusses some of the most 
common library functions. 

5. Now that you have finished this book, go back and 
skim through each chapter, thinking about how- 
each aspect of C relates to the rest of it. As you will 
see, C is a highly integrated language, in which one 
feature complements another. The connection be¬ 
tween pointers and arrays, for example, is pure 
elegance. 

6. G is a language best learned by doing! Continue to 
write programs in C and to study other 
programmers' programs. You will be surprised at 
how quickly C will become second nature! 



•A* 

Some Common C 
Library Functions 

This appendix discusses a number of the more impor¬ 
tant ANSI C library functions. If you have looked 
through the library section in your C compiler's man¬ 
ual, you are no doubt aware that there are a great many 
library functions. It is far beyond the scope of this book 
to cover each one. However, the ones you will most 
commonly need are discussed here. 
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The library functions can be grouped into the fol¬ 
lowing categories. 

• I/O functions 

• String and character functions 

• Mathematics functions 

• Time and date functions 

• Dynamic allocation functions 

• Miscellaneous functions 

The I/O functions were thoroughly covered in Chap¬ 
ters 8 and 9 and will not be expanded upon here. 

Each function's description begins with the header 
file required by the function followed by its prototype. 
The prototype provides you with a quick way of know¬ 
ing what types of arguments and how many of them the 
function takes and what type of value it returns. 

Keep in mind that ANSI C specifies many data 
types, which are defined in the header files used by the 
functions. New type names will be discussed as they are 
introduced/ 

STRING AND CHARACTER FUNCTIONS 


The C standard library has a rich and varied set of 
string- and character-handling functions. In C, a string 
is a null-terminated array of characters. The declara¬ 
tions for the string functions are found in the header file 
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STRING.H. The character functions use CTYPE.H as 
their header file. 

Because C has no bounds-checking on array opera¬ 
tions, it is the programmer's responsibility to prevent 
an array overflow. 

The character functions are declared to take an inte¬ 
ger argument. While this is true, only the low-order byte 
is used by the function. Generally, you are free to use a 
character argument because it will automatically be 
elevated to int at the time of the call. 

#include "ctype.h" 
int isalnum(int ch); 

DESCRIPTION The isalnum() function returns a 
non-0 if its argument is either a letter or a digit. If the 
character is not alphanumeric, then 0 is ieturned. 

EXAMPLE This program checks each character read 
from stdin and reports all alphanumeric ones. 

tinclude "ctype.h" 

^include "stdio.h" 
tinclude "conio.h" 

main ( ) 

{ 

char ch; 

f o r (; ;) { 

ch = getche ( )/ 
it ;ch==' ') break; 

ii (isalnum(ch) ) printf("*c is alphanu:neric\n" 

) 

) 


ch) ; 
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#include ’’ctype.h" 
int isalpha(int ch); 

DESCRIPTION The isalpha() function returns a 
non-0 if ch is a letter of the alphabet; otherwise 0 is 
returned. 

EXAMPLE This program checks each character read 
from stdin and reports all those that are letters of the 
alphabet. 

^include "ctype.h” 

#include "stdio.h" 

#include "conio.h" 

main( ) 

{ 

char ch; 

f o r (;;) ( 

ch = getche( ) ; 
if(ch==' ') break; 

if{isa 1 ha(ch)) printf(”%c is a letter\n", ch); 

} 

) 

#indude "ctype.h" 
int iscntrKint ch); 

DESCRIPTION The iscntiH ) function returns non- 
0 if ch is between 0 and 0x1 F or is equal to 0x7F (DEL); 
otherwise 0 is returned. 

EXAMPLE This program checks each character read 
from stdin and reports all control characters. 
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i 


|l i iu‘ I iiiln "i 'I y| in , ||" 

H lno I mlo "fit < 11 n . h" 

II i in' I ml<* "con i o li" 

inn In ( ) 

( 

char eh; 

f o i (;;) | 

eh - gotcho( ); 

I- (eh ' ' ) break; 
i L (iocni 1 1 (cli) ) 

ptintf{"%c is a control eharactor\n", eh); 


#indude "ctype.h" 
int isdigit(int eh); 

0 ‘ 

DESCRIPTION The isdigit() function returns a 
non-0 if eh is a digit (0 through 9); otherwise 0 is re¬ 
turned. 

EXAMPLE This program checks each character read 
from Hldin and reports all those that are digits. 

••include "ctype.h" 

(•include "stdio.h" 

••include "conio.h" 


m.i i ri ( ) 

( 

char ch; 

f O r (;;) ( 

ch - getcho ( ) ; 
il(ch--' ') break; 

if (isdigit (ch) ) pcintlCtc is a digit\n", ch) ; 
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#include "ctype.h" 
int isgraph(int ch); 


DESCRIPTION The isgraph() function returns 
non-0 it ch is any printable character other than a space; 
otherwise 0 is returned. Printable characters are in the 
range 0\2I through 0\7E. 

EXAMPLE This program checks each character read 
from stdin and reports all printing characters. 

#include "ctype.h" 

^include "stdio.h" 

main( ) 

{ 

cher ch; 

for(;;) { 

ch * get che( ); 
if (ch=~' ') break; 

if (isgraph(ch)) 

printfC’oC is a printing character\n", ch) ; 


^include "ctype.h'' 
int islower(int ch); 

DESCRIPTION The islower() function returns 
non-0 if ch is a lowercase letter (a through z); otherwise 
0 is returned. 
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EXAMPLE This program checks each character read 

from stdm and reports all those that are lowercase 
letters. 


^include "ctype.h" 

#include ''stdio.h" 

^include "conio.h" 

main ( ) 

1 

char ch; 

for(;;) ( 

ch = getche ( ); 
if (ch==' ') break; 

if (islower (ch) ) printf("%c is lowercase\n", ch) ; 

) 

) 


#include "ctype.h" 
intisprint(int ch); 

DESCRIPTION The isprint() function returns non- 
0 if ch is a printable character, including a space; other¬ 
wise 0 is returned. Printable characters are often in the 
range 0x20 through 0x7E. 

EXAMPLE This program checks each character read 
from stdin and reports all those that are printable. 


♦include "ctype.h" 
♦include "stdio.h" 
♦include "conio.h" 
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main ( ) 

1 

char ch; 

for (;;) ( 

ch - getche ( ); 
if (ch 13 "' ') break; 

if(isprint (ch)) printf("%c is printable\n", ch) 

} 

) 

#include "ctype.h" 
int ispunct(int ch); 

DESCRIPTION The ispunct() function returns 
non-0 if ch is a punctuation character, excluding the 
space; otherwise 0 is returned. The term "punctuation/ 
as defined by this function, includes all printing char¬ 
acters that are neither alphanumeric nor a space. 

EXAMPLE This program checks each character read 
from stdin and reports all those that are punctuation. 

#include "ctype.h" 

#include "stdio.h 
♦include "conio.h" 

main( ) 

( 

char ch; 
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f o r (; ;) ( 

ch = getche( ); 

if(ch==' ') break; 

if (isour.ct (ch) ) printf ("lc 


is punctuaticrAn", 


ch) ; 


1 


#include"ctype.h" 
int isspace(int ch); 

DESCRIPTION The isspace() function returns 
non-0 if ch is either a space, tab, vertical tab, form feed, 
carriage return, or newline character; otherwise 0 is 
returned. 

EXAMPLE This program checks each character read 
from stdin and reports all those that are white&j. 
characters. 

♦include "ctype.h" 

♦include "stdio.h" 

♦include "conio.h" 


main ( ) 

( 

char ch; 

for(;;) { 

ch = getche ( ); 

if (isspace (ch)) printf(”%c is whitespace\n", ch) ; 
if(ch==' ') break; 


) 
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#include "ctype.h" 
int isupper(int ch); 

DESCRIPTION The isupper() function returns 
non-0 if ch is an uppercase letter (A through Z); other¬ 
wise 0 is returned. 

EXAMPLE This program checks each character read 
from stciin and reports all those that are uppercase 
letters. 

♦include "ctype.h" 

♦include "stdio.h" 

♦include "conio.h" 

main( ) 

{ 

char ch; 

fori;;) .{ 

ch = getche ( ); 
if(ch= =/ ') >reak; 

if(isupper(ch)) printf("%c is uppercase\n", ch) ; 

} 

) 

9 

#include "ctype.lV' 
int isxdigiUint ch); 

DESCRIPTION The isxdigiK) function returns 
non-0 if ch is a hexadecimal digit; otherwise 0 is re¬ 
turned. A hexadecimal digit will be in one of these 
ranges: A through F, a through f, or 0 through 9. 
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.VomuHi! ? iS Pr ° 8rnm choeks each character read 
dibits rep ° rtS a " lhose » la t are hexadecimal 


♦include "ctypo . h" 

♦include "stdio.h" 

♦include "conio.h" 

main( ) 
l 

char ch; 

for (; ;) { 

ch = getche ( ); 
if(ch»=' ') break; 

^ if(isxdigit (ch)) printf(" %c is hexadecimal \ n ", 

) 

#include "string.h" 

char *strcat(char *strl, const char *str2); 

DESCRIPTION The strcat() function concatenates 
a copy of strl to strl and terminates strl with a null. The 
null terminator originally ending strl is overwritten by 
the first character of str2. The string strl is untouched 
by the operation. The strentf) function returns strl. 

REMEMBER: N o bounds-checking takes place, so it 
is the programmer's responsibility to ensure that strl is 
large enough to hold both its original contents and those 
of strl. 


EXAMPLE This program appends the first string 
r cnd from stdin to the second. For example, assuming 


ch) ; 
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the user enters hello and there, the program will print 
therehello. 

♦include "string.h" 

♦include "stdio.h" 

main ( ) 

{ 

char si [90], s2[80]; 

printf("enter two strings: "); 
gets (si) ; 
gets (s2); 

streat (s2, si); 
printf (s2); 

) 

#include "string.h" 

char *strchr(const char *str, int ch); 

DESCRIPTION The strchr() function returns a 
pointer to the first occurrence of the low-order byte of 
ch in the string pointed to by sir. If no match is found, 
a null pointer is returned. 

EXAMPLE This program prints the string this is a 
test. 

♦include "string.h" 

♦include "stdio.h" 

rr.a in ( ) 

( 

char * p; 
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p - strchr("this is a test", (int) ' '); 
printf(p); 

) 

#include "string.h" 

int strcmp(const char *strl, const char* str2); 

DESCRIPTION A strcmp() function lexicographi¬ 
cally compares two null-terminated strings and returns 
an integer based on the outcome, as shown here. 

Value Meaning 

less than 0 strl is less than str2 

0 strl is equal to strl 

greater than 0 strl is greater than str2 

EXAMPLE The following function can be used as a 
password verification routine. It will return 0 on failure 
and 1 on success. 

♦include "string.h" 

password( ) 

{ 

char s [BO]; 

printf("enter password: "); 
gets (s); 

if (strerrp (s, "pass" ) ) ( 

printf ("invalid passwordXn"); 
return 0; 

1 

return 1; 

) 
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"include "string.h" 

char *s:rcpy(char *strl, const char *str2); 

DESCRIPTION The strcpy() function is used to 
copy the contents oistr2 int ostrl;str2 must be a pointer 
to a null-terminated string. The strepyf) function re¬ 
turns a pointer to strl. 

If strl and sir2 overlap, the behavior of strcpy() is 
undefined. 

EXAMPLE The following code fragment will copy 
"hello" into string str. 

t 

char str [80]; 
strepy(str, "hexlo"); 

#include "string.h" 
size_t strlen(const char *str); 

DESCRIPTION The strlen() function returns the 
length of the null-terminated string pointed to by str. 
The null is not counted. The size J type is specified by 
ANSI and is defined in STRING.H. 

EXAMPLE The following code fragment will print 5 
on the screen. 


strcpyfs, "hollo"); 
print f (" c < d" , itrlen(s)) : 


X 
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#include "stdio.h" 

char *$trstr(const char *strl, const char *str2); 


DESCRIPTION The strstrt) function returns a 
pointer to the tirst occurrence of the string pointed to 
by sfr2 in the string pointed to by strl (except strl's null 
terminator). It returns a null pointer it no match is 
found. 


EXAMPLE This program displays the message is is 

a test. 


sinciude "string.h” 
^include "stdio.h" 


ir.aint ) 
l 

c p. 3 r * p 


p - ctrstr ("this is a test." 
print ftp) ; 


^include "string.h" 

char *strtok(char *strl, const char *str2); 


DESCRIPTION The strtokt) function returns a 
pointer to the next token in the string pointed to by sfrl. 
The characters making up the string pointed to by str2 
are the delimiters that determine the token. A null 
pointer is returned when there is no token to return. 
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The first time strtokf) is called, strl is actually used 
in the call. Subsequent calls use a null pointer for the 
first argument. In this way the entire string can be 
reduced to its tokens. 

It is important to understand that the strtokf) func¬ 
tion modifies the string pointed to by strl. Each time a 
token is found, a null is placed where the delimiter was 
found. In this way slrtok() can continue to advance 
through the string. 

It is possible to use a different set of delimiters for 
each call to strtokf). 

EXAMPLE This program tokenizes the string "The 
summer soldier, the sunshine partriot with spaces and 
commas as the clr *. "iters. The output will be The I sum¬ 
mer i soldier I the I sunshine I patriot. 

#inclucle "string, h" 

#include "stdio.:." 

main ( ) 

{ 

char *p; 

f 

p * strtok('”yhe summer soldier, the sunshine patriot", 

l» •» \ • 
f / ' 

print f(p); 

do ’( 

p «= strtok (' \0' , ", ") ; 
if(p) printf("I%s", p); 

} while (p) ; 


Scanned by CamScanner 



Somo Common C Library Functions 473 


#include"ctype.h" 
int tolower(int ch); 

DESCRIPTION The tolower() function returns the 
lowercase equivalent of ch if ch is a letter; otherwise ch 
is returned unchanged. 

EXAMPLE This fragment displays 'q.' 

putchar(tolower ('Q')); 

#include "ctype.h" 
int toupper(int ch); 

DESCRIPTION The touppert) function returns the 
uppercase equivalent of ch if ch is a letter; otherwise ch 
is returned unchanged. 

EXAMPLE This displays 'A.' 

putchar(toupper('a')); 

THE MATHEMATICS FUNCTIONS 


ANSI C defines several mathcmabcs functions that take 
double arguments and return double values. These 
functions fall into the following categories: 
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• Trigonometric functions 

• Hyperbolic functions 

• Exponential and logarithmic functions 

• Miscellaneous functions 


All the math functions require ‘hatth^ header 
MATH H be included in any progra , j 

defines a macro called HUG _ , , nted by 

::-ir vzzz* -- ** 

i HUGE VAL This is called n range error. For 

Z to which ih, function ,s defined, . 

' domain error occurs. 


#include"math.h" 

double acosfdo'ble arg); 


™ crrlPTION The acosf) function returns the arc 
nfJr The argument to acosf) must be in the 
r; C -i if otherwise a domain error wil, 


occur. 

Tbit program prinis «*“**■ 

niwuitoh increments, of ihc values -1 lluough 


in 


#include "i.tuLh.h 
a include "stilio.h" 


in.iint ) 

l 

double veil 


1.0; 
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do { 

printf("arc cosine of %f is %f\n", 
val += 0.1; 

} while(val<=l . 0); 


val, acos(val));^ 


#include "math.h" 
double asin(double arg); 

DESCRIPTION The asin() function returns the arc 
sine of arg. The argument to asin() must be in the range 
-1 through 1; otherwise a domain error will occur. 

EXAMPLE This program prints the arc sines, in one- 

tenth increments*, of the values -1 through 1. 

#include "math.h 
tinclude "stdio.h 

main ( ) 

( 

double val= _ l•0 • 


printf ("arc sine of-%f 
val + = 0.1; 

) while(val<=l-0); 


is %f\n", 


1 


val, asin(val)) ; 


include "math.h" 

double atanldouble arg), 

DESCRIPTION The atan() function returns the arc 
tangent of arg. 


475 
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EXAMPLE This program prints the arc tangents, in 
one-tenth increments, of the values -1 through 1. 

♦include "math.h" 

♦include "stdio.h" 

main ( ) 

{ 

double val=-l.0; 


do { 

printf("arc tangent of %f is %f\ n ", val 
val +=0.1; 

) while(val<=1.0); 


atan(val)); 


#include '’math.h” 

v* 

double atan2(double y, double x); 

DESCRIPTION The atan2() function returns the 
arc tangent of y/x. It uses the signs of its arguments to 
compute the quadrant of the return value. 

EXAMPLE This program prints the arc tangents, in 
one-tenth increments of y, from -1 through 1. 

♦include "math.h" 

♦include "stdio.h" 

main( ) 

\ 

{ 

double y=-1.0; 
do ( 

printf ("atan2 of %f i 3 %f\ n ", y, atan2(y, l n) > 

y +« 0 . 1 ; ’ 

) while (y<=i. 0 ) ; 

} 
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'v 


include "math.h" 
double ceil(double num); 


DESCRIPTION The ceil( ) function returns the 
smallest integer (represented as a double) that is not 
less than num. For example, given 1.02, ceilO would 
return 2.0; given -1.02, ceil( ) would return -1. 

EXAMPLE This fragment prints 10 on the screen. 

printf("%f ", ceil (9.9)); 

#include "math.h" 
double cos(double arg); 

DESCRIPTION The cos() function returns the co¬ 
sine of arg. The value of arg must be in radians. 

EXAMPLE This program prints the cosines, in one- 
tenth increments, of the values -1 through 1. 

♦include "math.h" 

♦include "stdio.h" 


main( ) 

{ 

double val=-l•0; 


do { 

printf ("cosine of is > 

val += 0.1; 

) while(val<=1.0); 


val, cos(val)); 
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tfincludc "math.h" 
double cosh(double arg); 

DESCRIPTION Thecoslif) function returns the hy¬ 
perbolic cosine of arg. Tl le value of arg must be in 
radians. 


EXAMPLE This program prints the hyperbolic co¬ 
sines, in one-tenth increments, of the values -1 through 


^include "math.h" 

#include ”3tdio.h" 

main { ) 

{ 

double val«-1.0; 
do { 

printf ("hyperbolic conine of If i 3 *f\ n ** # va i 
val +“0.1; 

} while (valOl.O); 


#include "math.h” 
double exp(double arg); 


DESCRIPTION The exp( ) function returns the nat 
ural logarithm c raised to the arg pov/er. 


EXAMPLE This . 

, , , , ' Is ^gment displays the value of r 

(rounded to 2*718282). 


Scanned by CamScanner 



Some Common C Library i unctions 479 


printf("value of e to the first: %f", exp(l.O)); 

#include "math.h" 
double fabs(double num); 

DESCRIPTION The fabs() function returns the ab¬ 
solute value of num. 

EXAMPLE This program prints the numbers 1.0 1.0 
on the screen. 

^include "math.h” 

^include "stdio.h" 

main ( ) 

printf("%1.If fabs(l.O), fabs(-l.O)); 

} 

#include "math.h" 
double floorldouble num); 

DESCRIPTION The floor!) function returns the 
largest integer (represented as a double) not greater 
than num. For example, given 1.02, floor!) would re¬ 
turn 1.0; given -1.02, floor!) would return -2.0. 

EXAMPLE This fragment prints 10 on the screen, 
printf("%f", floor (10.9)); 
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#include "math.h" 
double log(double num); 

DESCRIPTION The log() function returns the nat¬ 
ural logarithm for num. A domain error occurs if num is 
negative and a range error occurs if the argument is 0. 

EXAMPLE This program prints the natural loga¬ 
rithms for the numbers 1 through 10. 

tinclude "math.h" 

#include "stdio.h" 

main( ) 

{ 

double va1=1.0; 
do { 

. printf("%f %f\n", val, log(val)); 
val++; 

} while (val<ll.0); 


#inc ~ ' 

d ole loglO(double num); 

DESCRIPTION The loglOO function returns the 
base 10 logarithm for the variable num. A domain error 
occurs if num is negative and a range error occurs if the 
argument is 0. . 

EXAMPLE This program prints the base 10 loga¬ 
rithms for the numbers 1 through 10. 
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finclude "math.h" 

^include "stdio.h" 

rr.ain( ) 

{ 

double va1=1.0; 
do ( 

printf("%f %f\n", val, loglO(val) ) ; 
val++; 

) v/hile (val<ll. 0) ; 

} 

#include ’’math.h" 

double pow(double base, double exp); 

DESCRIPTION The pow() function returns base 
raised to the exp power ( basc ex ^). A domain error occurs 
if base is 0 and exp is less than or equal to 0. This may 
also happen if base is negative and exp is not an integer. 
An overflow produces a range error. 

EXAMPLE This program prints the first ten powers 
of 10. 

#include "math.h" 

#include "stdio.h" 

main{ ) 

( 

double x“10.0, y=0.0; 


do { 

printf ("%f ",pow (x, y) > > 
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y * *; 

) while(y<ll); 


//include "math.h" 
double sin(double arg); 

DESCRIPTION The sin() function returns the sine 
of arg. The value of arg must be in radians. 

EXAMPLE This program prints the sines, in one- 
tenth increments, of the values -1 through 1. 

#include "math.h" 
include " 3 tdio.h" 

ma i n ( ) 

{ 

do ble val*-l.0; 
do ( 

print r ;"cine of 'if is %f\n", val, sin(vai)); 
va.1 +* 0.1; 

} while (vai<=*l. 0) ; 


#include "math.h" 
double sinhfdouble arg); 

DESCRIPTION The sinh() function returns the hy¬ 
perbolic sine of arg. The value of arg must be in radians. 

EXAMPLE The following program prints the hyper¬ 
bolic sines,'in one-tenth increments, of the values -1 

through 1. 
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#include "math.h" 

#include "stdio.h" 

main( ) 

{ 

double val=-1.0; 
do { 

printf("hyperbolic sine of %f is %f\n", val, sinh(val)); 
val += 0.1; 

} while (val<=l.0); 

) 

#include "math.h” 
double sqrHdouble num); 

DESCRIPTION The sqrt() function returns the 
square root of num. If called with a negative argument, 
a domain error will occur. 

EXAMPLE This fragment prints 4 on the screen, 
printf sqrt(16.0)) ; 


#include "math.h” 
double tan(double arg); 

DESCRIPTION The tan() function returns the tan¬ 
gent of arg. The value of arg must be in radians. 
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EXAMPLE This program prints the tangents, in one- 
tenth increments, of the values -1 through 1. 

#include "math.h" 

#include "stdio.h" 

main ( ) 

r 

double val=-1.0; 
do { 

prj.ntf{ tar.gc.it. 01 %£ is %f\n", val, tan (val) ) ; 
val += 0.1; 

} while(val<=l.0} ; 

\ 

I 

#include ":r _.h" 

double tanh(double arg); 

DESCRIPTION The tanh() function returns the hy¬ 
perbolic tangent oi arg. The value of arg must be in 
radians. 

EXAMPLE This program prints the hyperbolic tan¬ 
gents, in one-tenth increments, of the values -1 through 


#include "math.h" 
#include "stdio.h" 

rnain( ) 

i 

double val=-l.O; 


do ( 

printfftanh tangent of %f f 3 
va1 + = 0.1; 



val, 


tanh(val)) ; 
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} while (val<=l.0); 

) 


TIME AND DATE FUNCTIONS 


The time and date functions require the header TIME.H 
for their prototypes. It also defines four types and two 
macros. Tne type time_t is able to represem the system 
time and date as along integer. This is called the calendar 
time. The structure type tm holds date and time broken 
down into its elements. The tm structure is defined as 
shown here. 

struct tin { 

int tm_sec; /* seconds, 0-59 */ 

int tm_min; /* minutes, 0-59 */ 

int tn_hour; /* hours, 0-23 */ 

int. tm rr.day; /* day of the month, 1 — 31 */ 

int tm__mon; /•* months since Jan, 0-11 */ 

int tm year; /* years from 1900 */ 

int tm_wday; /* days since Sunday, 0-6 */ 

£nt cm vday; /* days since Jan 1, 0—3 do */ 

int tn^-sdst /* Daylight Savings Time indicator */ 

) 

The value of tmjsdst will be positive if Daylight Sav¬ 
ings Time is in effect, 0 if it is not in effect, and negative . 
if there is no information available. hen the date and 
time are represented in this way, they are referred to as 
broken-down time. 

The type clpck_t is defined the same as The 

header file also defines size_t. 

The macros defined are NULL and CLK_TCK. 
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#include "tixne.h" 

char *asclimo(cor.st struct tm *ptr); 

DESCRIPTION 1 The asctime() function returns a 
pointer to a string that converts the information stored 
in the structure pointed to by ptr into the following 
form. 

day month date hours:minutes:seconds year\n\0 
For example: 

Wed Jun 19 12:05:34 1999 

The structure pointer passed to asctime() is generally 
obtained from cither localtime() or gmtime(). 

The buffer used by. asctimet) to hold the formatted 
output string is a statically allocated character array and 
is overwritten eacn time the function is called. If you 
want to save the contents of the string, you need to copy 
it elsewhere. 

EXAMPLE This program displays the local time de¬ 
fined by the system. 

(•include "time.h" 

(jinclude "stdio.h" 

main ( ) 

( 

struct t:n *pr_r; 
time t It; 
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It = time(NULL); 
ptr = localtime(&lt); 
printf(asetime(ptr)); 

) 

#include "time.h" 
cloclc_t clock(void); 

DESCRIPTION The clock!) function returns the 
number of system clock cycles that have occurred since 
the program began execution. To compute the number 
of seconds, divide this value by the CLK_TCK macro. 

EXAMPLE The following program displays the 
number of system clock cycles occurring since it began. 

rinclude "stdio.h 
*include "time.h" 

main ( ) 
l 

int i; 

for(i=0; i<!00; i++) < 
printf ("%u"/ clock( )); 

) 


#include "time.h" 
char.^ctimeCconst time_t *time); 


DESCRIPTION The ctimc() function returns a 
pointer to a string of the form 
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day month date hours:minutes:seconds year\n\0 

given a pointer to the calendar time. The calendar time 
is generally obtained through a call to time(). The 
ctime() function is equivalent to 

asetime(localtime(time)) 

The buffer used by ctime() to hold the formatted 
output string is a statically allocated character array and 
is overwritten each time the function is called. If you 
wish to save the contents of the string, you need to copy 
it elsewhere. 

EXAMPLE This program displays the local time de- • 
fined by the system. 

#include "time.h" 

#include "stalo.!.* 

main ( ) 

{ 

time_t It; 

It time (NULL) ; 
printf(ctime(&lt)); 

) 

#include "time.h" 

double difftime(time_t time2, time_t timel); 

DESCRIPTION The difftim e () function returns the 
difference, in seconds, between timel and timc2. That is 
timel- timel. 
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EXAMPLE This program times the number of sec- * 
onds that it takes for the empty for loop to go from 0 to 
500000 . 

((include "time.h" 

((include "stdio.h" 

main( ) 

{ 

time_t start,end; 
long unsigned int t; 

Start = time(NULL); 

for(t=0; t<500000L; t++); 

end = time(NULL) ; 

printf("loop required %f seconds\n", difftime(end, start)); 

} 

^include ’’time.h" 

struct tm *gmtime(const time_t *time); 

DESCRIPTION The gmtimef ) function returns a 
pointer to the broken-down form of time in the form of 
a tm structure. The time is represented in Greenwich 
mean time. The time value is generally obtained through 
a call to time(). 

The structure used by gmtimef ) to hold the broken- 
down time is statically allocated and is overwritten each 
time the function is called. If you wish to save the 
contents of the structure, you need to copy it elsewhere. 

EXAMPLE This program prints both the local time 
and the Greenwich mean time of the system. 


^include "time.h" 
^include "stdin.h" 
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/* print local and GM time •*/ 
main ( ) 

{ 

struct tm *local, *gm; 
time_t t; 

t = time(NULL); 
local = localtime(&t); 

printf("Local time and date: %s", asctime(local)); 
gm = gmtime(&t); 

printf("Greenwich mean time and date: %s", asctime(gm) ) ; 

} 

#include "time.h" 

struct tm *localtime(const time_t *time); 

DESCRIPTION The localtime() function returns a 
pointer to the broken-down form of time in the form of 
a tm structure. The time is represented in local time. The 
tune value is generally obtained through a call to the 
time() function. 

The structure used by localtime() to hold the bro¬ 
ken-down time is statically allocated and is overwritten 
each time the function is called. If you wish to save the 
contents of the structure, you need to copy it elsewhere. 

-EXAMPLE This program prints both the local time 
and the Greenwich mean time of the system. 

^include "time.h" 

#include "stdio.h" 

/* print local and Greenwich mean time */ 
main( ) 

{ 
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struct tm *local; 
time_t t; 


t = . time (NULL); 


local = 1 


ocaltime (-&t) ; 


local^ and date: %s "' asctime (local)); 


gmtime(&t); 


} 


P rin tf ("Greenwich 


mean time and date: %s", asctime(local)); 


#include "time.h" 
time_t time(time_t *time); 

i 

DESCRIPTION The time( ) function returns the 
current calendar time of the system.Jf the system has 
no time-keeping mechanism, then -1 is returned. 

The time( ) function can be called either with a null 
pointer or with a pointer to a variable of type time_t. If 
the latter is used, then the argument will also be as¬ 
signed the calendar time. 

EXAMPLE This program displays the local time de¬ 
fined by th'e system. 

^include "time.h" * 

^include "stdio.h" 


main ( y- 
{ 

struct tm *ptr; 
time_t It; 

it' = time (NULL) ; \ 

Ptr = localtime(Sit); 
Printf(asctime(ptr)) ; 
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dynamic allocation 


There are two primary ways a C program can store 
information in the main memory of the computer, e 
first uses global and local variables—including arrays 
and structures. In the case of global and static loca 
variables, the storage if fixed throughout the run time 
of your program. For dynamic local variables, storage 
is allocated from the stack space of the computer. Al¬ 
though these variables are efficiently implemented in 
C, they require the programmer to know in advance the 
amount of storage needed for every situation. The se¬ 
cond way information can be stored is with C's dynamic 
allocation system. In this method, storage for informa¬ 
tion is allocated from the free memory area as it is 

The ANSI standard specifies that the header infor¬ 
mation necessary to the dynamic allocation system is in 
STDL1B. In this file, the type sizej is defined. This type 
is used extensively by. the allocation functions and is 
essentially the equivalent of unsigned. 


#include "stdlib.h" 

void *calloc(size_t num, size_t size); 


DESCRIPTION The callocO function returns a 
pointer to the allocated memory. The amount of mem¬ 
ory allocated is equal to num * size. That is, callocl) 
allocates sufficient memory for an array of num objects 
of size size. 

The callocl) function returns a pointer to the first 
byte of the allocated region. If there is not enough 
memory to satisfy the request, a null pointer is returned. 
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It is always important to verify that the return value is 
not a null pointer before attempting to use it. 

EXAMPLE This function returns a pointer to a dy¬ 
namically allocated array of 10(5 floats. 

♦ include "stdlikx.h" 

♦include "stdio.h” 

float *get_mem( ) 

( 

float *p; 

I 

p ='(float *) calloc(100, sizeof(float)); 
if(!p) { • N . 

printf("allocation failure - aborting"); 
exit(l); ( \ 

) 

return p; 

) 


#include "stdlib.h" 
void free(void *ptr); 

DESCRIPTION The free( ) function deallocates the 
memory pointed to by ptr. This makes the memory 
available for future allocation. 

It is imperative that the free( ) function be called 
only with a pointer that was previously allocated using 
one of the dynamic allocation system's functions, such 
as malloc() or calloc(). Using an invalid pointer in the 
call will probably destroy the memory management 
mechanism and cause a system crash. 

j 

EXAMPLE This program first allocates room for the 
user-entered strings and then frees them. 
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#include "stdlib.h" 

#include "stdio.h" 

main( ) 

{ 

char *str [ 100]; 
int i; 

for(i=0; i<100; i++) { 

if((str[i] = (char *)malloc(128))==NULL) ( 
printf("allocation error - aborting"); 
exit(0) ; 

) 

gets (str[i]); 

} 

/* now free the memory */ 

for(i=0; i<!00; i++) free(str[i]); 


#include "stdlib.h" 
void *malloc(size_t size); 

i 

DESCRIPTION The malloc() function returns a 
pointer to the first byte of a region of memory of size 
size that has been allocated from the heap. (Remember, 
the heap is a region of free memory managed by C's 
dynamic allocation subsystem.) If there is insufficient 
memory in the heap to satisfy the request, malloc() 
returns a null pointer. It is always important to verify 
that the return value is not a null pointer before attempt¬ 
ing to use it. Attempting to use a null pointer will 
usually result in a system crash. 

EXAMPLE This function allocates sufficient mem¬ 
ory to hold structures of type addr. 
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finclude ,, stdlib.h ,, 
((include "stdio.h" 

struct addr { 
char name[40]; 
char street[40]; 
char city[40]; 
char state[3]; 
char zip[10]; 

In¬ 


struct addr *get struct(void) 

( 

struct addr *p; 

( if( <P=' s truct addr .) maUoc (sizeof (struct addr))) 

printf("allocation error - aborting"); 
exit (0) ; 

) 

return p; 


^include "stdlib.h" 

void *realloc(void *ptr, size_t size); 

DESCRIPTION The realloc() function changes the 
size of the allocated memory pointed to by ptr to that 
specified by size. The value of size may be greater or less 
than the original. A pointer to the memory block is 
returned since it may be necessary for realloc() to move 
the block to increase its size. If this occurs, the contents 
°f the old block are copied into the new block—no 
information is lost. 

If there is not enough free memory in the heap to 
^locate size bytes, a null pointer is returned and the 


=NULL) 
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original block is freed (lost). This means it is important 
to verify the success of a call to realloc(). 

EXAMPLE This program first allocates 17 charac¬ 
ters, copies the string "this is 16 chars into the space, 
and then uses realloc() to increase the size to 18 in or er 
to placeTPpCriod at the end. 


#include "stdlib.h" 
♦include "stdio.h" 
♦include "string.h" 

main( ) 

1 

char *p; 


p = (char *) malloc (17) ; 
if(!p) ( 

printf("allocation error 
exit(1) / 


aborting"); 


strcpy(p/"this is 16 chars")/ 

p = realloc(p#16)/ 

lf print£("allocation error - aborting"); 
exit (1); 

) 


strcat(p, "•")> 


printf(p)/ 


f-ree (p) ; 

) •' 
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MISCELLANEOUS FUNCTIONS 

The functions discussed in this section are all standard 
functions that don't easily fit in any other category. 

#indude "stdlib.h" 
void abort(void); 

DESCRIPTION The abort! ) function causes imme¬ 
diate termination of a program. Whether it closes any 
open files is defined by the implementation, but gener¬ 
ally it won't. 

EXAMPLE In this program, if the user enters A, the 
program will terminate. 

♦include "stdlib.h" 

♦include "stdio.h" 

♦include "conio.h" 

main( ) 

( 

for (;;) 

if(getche ( )=='A') abort( ); 

1 

#include "stdlib.h" 
int absttnt num); 

DESCRIPTION The abs( ) function returns the ab¬ 
solute value of the integer num. 
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EXAMPLE This function converts the user-entered 

numbers into their absolute values. 

• ’ 

#include "stdlib.h" 

#include "stdib.h" , * 

get_abs(void) 

I • • . 

char num[80]; 
gets(pum) 

I t 

returp abs(atoi(num)); 

1 

#include "stdlib.h" ' ■ 

double atof(const char *str); 

DESCRIPTION The atof() function converts the 
string pointed to by str into a double value. The string 
must contain a valid floating-point number. If this is not 

the case, the returned value is 0. 

The number may be terminated by any character 
that cannot be part of a valid floating-point number. 

This includes whitespace characters, punctuation 
(other than periods), and characters other than 'E' or 'e/ 

Thus, if atof() is called with "lOO.OOHELLO", the value 
100.00 will be returned. 

EXAMPLE ' This program reads two floating-point 
numbers and displays their sum. 

t ■ 

y 

#include "stdlib.h" 

#inc-lude "stdio.h" 

main ( ) 
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char numl[ 80 ], num 2 [ 80 ]; 

printf("enter first: ") ; 
gets(numl); 

("enter second: ") ; 
gets (num2) ; 

printf ("the sum is: %£", atof (numl) +atof (mm2)) ; 

» 

#include "stdlib.h" 
int atoi(consf char *str); 

DESCRIPTION The atoi() function converts the 
string pointed to by str into an int value. The string must 
contain a valid integer number. If this is not the case, 
the returned value is 0. 

.The number may be terminated by any character 
that cannot be part of an integer number. This includes 
whitespace characters, punctuation, and other charac¬ 
ters. Thus, if atoi() is called with 123.23, the integer 
value 123 will be returned, and the 0.23 ignored: 

EXAMPLE This program reads two integer numbers 
and displays their sum. 

^include "stdlib.h" 

#include "stdio.h" 

main( ) 

{ 

char numl(80], num2[80]; 

printf("enter first: ") ; 
gets(numl); 

printf("enter second: "); 
gets(num2); 

printf("the sum is: %d", atoi(numl)+atoi(num2)); 

) ' 
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#indude "stdlib.h" 
int atoKconst char *str); 


DESCRIPTION The atoll ) function c0 "! ertS 
string pointed to by str into a long int value. The str^g 
must contain a valid long integer number. I 

the The e nu h mber U ma e y be terminated by 4 ny character 
that cannot be part of an integer number Ttomdudes 
whitespace characters, punctuation, and other charac 
ters. Thus, if atoK) is called with 123.23, the mtege 
value 123 will be returned, and the 0.23 ignored. 


EXAMPLE This program reads two long integer 
numbers and displays their sum. 

#include "stdlib.h" , 

#include "stdio.h" 


main( ) 

t 

char numl[80]/ num2[80]; < 

printf("enter first: "); 
gets(numl); 

printf("enter second: "); 
gets(num2); 

printf("the sum is: %ld", atol(numl)+atol (num2) ) ; 
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#include ,, stdlib.h" 

void *bsearch(const void *key, const 

void*base, size_t num, size_t 

size,int(*compare 

(const void *,const void *)); 

DESCRIPTION The bsearch() function performs a 
binary search on the sorted array pointed to by base and 
returns a pointer to the first member that matches the 
key pointed to by key. The number of elements in the 
array is specified by num antj the size (in bytes) of each 
Qlement is described by size. (The size_t type is defined 
in STDLIB.H and is essentially the equivalent of un¬ 
signed.) 

The function pointed to by compare is used to com¬ 
pare an element of the array with the key. The form of 
compare must be 

function_name (const void *argl, const void +arg2 ) 

It must return the following valu?s: 

If argl is less than arg2 then return less than 0. 

If argl is equal to arg2 then return 0. 

If argl is greater than arg2 then return greater than 0. 
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The array must be sorted in ascending order, with 
the lowest address containing the lowest element. 

If the array does net contain the key, then a null 

pointer is returned. 

EXAMPLE This program reads characters entered at 
the keyboard (assuming buffered keyboard I/O) and 
determines whether they belong to the alphabet. 

#include "stdlib.h" 

#include "ctype.h" « 

tinclude "stdio.h" 
int comp( ); 

char *alpha="abcdefghijklmnopqrstuvwxyz"; 

comp(const char *ch, const char *s), 

main { ) 

{ 

char ch; 
char *p; 
int comp( ); 

do { 

printf ("enter a character: "); 
scant("%c%*c",&ch) ; 
ch = tolower(ch); 

p = (char *) bsearch(&ch,alpha, 26, 1, comp); 

if(p) printf("is in alphabet\n"); 
else printf("is not in alphabet\n"); 

) while(p); 

} 

/* compare two characters */ 

comp (const char *ch, const char *s) 

l 

return *ch-*s; 

) 
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#include "stdlib.h" 
void exit(int status); 


atennrmT/ 01 '' 1 The e * it() function cau ses immedi¬ 
ate normal termination of a program. 

The value of status is passed to the calling process, 
sua y t e operating system, if the environment sup- 
por s it. y convention, if the value of status is 0, normal 
program termination is assumed. A non-0 value may be 
used to indicate an error. 


EXAMPLE This function performs menu selection 
for a mailing list program. If Q is selected, the program 
is terminated. 

f . 

menu(void) 

{ 

char choice; 
do { 

printf("Enter names (E)\n H ); 
printf ("Delete name (D)\n"); 
printf("Print (P)\n"); 
printf("Quit (Q)\n"); 

} while(!strchr ("EDPQ",toupper(ch) ) ; 
if(ch=='Q') exit(0); 
return ch; 




#include "stdlib.h" 
long labsdong num); 

DESCRIPTION The labs() function returns the ab¬ 
solute value of the long int num. 
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EXAMPLE This function converts the user-entered 
numbers into their absolute values, 

linclude "stdXib.h" 
iinclude "atdio.h" 

long int g«t_labe( ) 

{ 

char num[ 80 ]/ 
gets (nurn) 

return labs(atol(num)); 

) 

#include"setjmp.h" 

void longjmp(jmp_buf envbuf, int val); 

DESCRIPTION The longjmpf ) instruction causes 
program execution to resume at the point of the last call 
to setjmpf). These two functions are the way ANSI C 
provides for a jump between functions. Notice that the 
header SETJUMP.H is required. 

The longjmpO function, operates by resetting the 
stack as described in envbuf , which must have been set 
by a prior call to setjmpf). This causes program execu¬ 
tion to resume at the statement following the setjmpf) 
invocation—the computer is "tricked" into thinking that 
it never left the function that called setjmpf). (As a 
somewhat graphic explanation, the longjmpf) function 
"warps" across time and (memory) space to a previous 
point in your program, without having to perform the 
normal function-return process.) 

1 he buffer envbuf is of type jmp_buf, which is de¬ 
fined in the header Sli'l jJVJP.I I. The buffer must have 
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been set through a call to setjmp() prior to calling 
longjmp(). 

The value of veil becomes the return value of 
setjump() and may be interrogated to determine where 
the long jump came from. The only value not allowed 
is 0. 

It is important to understand that the longjmp( \ 
function must be called before the function that called 
setjmp() returns. If not, the result is technically unde¬ 
fined. In actuality, a crash will almost certainly occur. 

By far the most common use of longjmp() is to 
return from a deeply nested set of routines'when a 
catastrophic error occurs. 

EXAMPLE This program prints 12 3. 

#include "setjmp.h" 

#include "stdio.h" j 

void f2(void); 

jmp_buf ebuf; 

main( ) 

( 

char first=l; 
int i; 

printf("1 "); 
i = setjmp(ebuf); 
if(first) { 

first = !first; 
f2( ) ; 

printf ("this will not be printed ); 

) 

printf("%d", i); 

) 
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void f2(void) 

l 

printf("2 ")> 
longjmp(ebuf, 3); 

} 


#include "stdlib.h" 

void qsorKvoid *base, sizej num, size t , 
int (*compare)(const *void, const void)), 

DESCRIPTION The qsortl ) function sorts the array 
pointed to by base using a Quicksort (which was devel¬ 
oped by C.A. R. Hoare). The Quicksort is generally 
considered the best general-purpose sorting algont m. 
Upon termination, the array will be sorted. The number 
of elements in the array is specified by num and the size 
(in bytes) of each element is described by size. (The 
size Jt type is defined in STDLIB.H and is essentially the 
equivalent of unsigned.) 

The function pointed to by compare is used to com¬ 
pare an element of the array with the key. The form of 
compare must be 

I 

function jiame (const void *argl, const void *arg2 ) 

It must return the following values. 


If argl is less than argl then return less than 0. 

If argl is equal to arg2 then return 0. 

If argl is greater than arg2 then return greater than 0. 

The array is sorted in ascending order, with the 
lowest address containing the lowest eleipent. 
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EXAMPLE This program sorts a list of integers and 
displays the result. 


♦include "stdlib.h" 

♦include "stdio.h" 

int comp( ); 

int num[ 10 ] = ( 

1 , 316 , 5 , 8 , 7 , 9 , 6 , 2,0 

); 

main( ) 

{ 

int i; 

printf("original array: "); 
for-(i=0; i<10; i++) printf ("%d ", num[i]); 

qsort(num, 10, sizeof (int), comp); 

printf("sorted array: "); 

for(i=0; i<10; i++) printf("%d ", num[i]); 

} . 

% 

/* compare the integer? *1 
comp(const int *i/ const int * 3 ) 

I ’ 

return *i-*j; 

) 

t • 

#include ’’stdlib.h” 

int rand(void); 

/ 

DESCRIPTION The rand() function generates a se- 
quence of pseudo-random numbers. Each time .it ..is 
called, an integer between 0 and RANDJMAX is re- 
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turned. RAND_MAX is defined in STDLIB.H. The 
ANSI standard stipulates that the macro RAND_MAX 
will have a value of at least 32,767. 

EXAMPLE This program displays ten pseudo-ran¬ 
dom numbers. 


#include "stdlib.h" 

^include "stdio.h" 

main( ) 

{ 

int i; 

for(i=0; i<10; i++) 

printf("%d ", rand( )); 

#include "setjmp.h M 

void setjmp(jmp_buf envbuf); 

DESCRIPTION The setjmpf) function saves the 
contents of the system stack in the buffer envbuf f or later 
use by longjmp(). 

The setjmpf) function returns 0 upon invocation. 
However, longjmpf) passes an argument to setjmpf) 
when it executes, and it is this value (always non-0) that 

will appear to be the value of setjmpf) after a call to 
longjmpf). 

See the longjmpf) section for more information. 
EXAMPLE This program prints 12 3 
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#include "setjmp.h" 

#include "stdio.h" 

void f2(void); 

jmp_buf ebuf; 

main( ) 

{ • •’ 
char first=l; 
int i; 

printf("1 "); 
i = setjmp(ebuf); 
if(first) { 

first = !first; 
f 2 ( ) ; 

printf("this will not be printed"); 

) 

printf("%d",i); 

) 

void f2(void) 

i " ' n 

printf("2 "); 
longjmp(ebuf, 3); 


#include "stdlib.h" 

void srand(unsigned seed); . . 

DESCRIPTION The srand() function is used to set < 
a starting point for the sequence generated by rand(), 
which returns pseudo-random numbers. 

Generally srand() is used to allow multiple pro¬ 
gram runs using different sequences of pseudo-random 
/numbers. 
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EXAMPLE This program uses the system time to 
randomly initialize the rand() function using srand(). 

#include "stdio.h" 

#include "stdlib.h" 

"include "time.h" 

/* Seed rand with the system time 
and display the first 100 numbers. 

* / 

main( ) 

{ 

int i, utime; 
long ltime;' 

/* get the current calendar time */ 

ltime = time(NULL); 

utime = (unsigned int) ltime/2; 

srand(utime); 

for(i=0; i<10; i++) printf("%d ", rand ( )); 

) 
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C Keyword Summary 


These are the 32 keywords that, combined with the 
formal C syntax, form the C language as defined by the 
ANSI standard. These keywords are shown in Table 
B-l. 

All C keywords use lowercase letters. In C, upper¬ 
case and lowercase are different; for instance, else is a 
keyword, ELSE is not. 


511 
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TABLE B-l. Keyword List 


auto 

double 

int 

struct 

break 

else 

long 

switch 

case 

enum 

register 

typedef 

char 

extern 

return 

union 

const 

float 

short 

unsigned 

continue 

for 

signed 

void 

default 

goto 

sizeof 

volatile 

do 

if 

static 

while 


An alphabetical summary of each of the keywords 
follows. 


auto 

V 

auto is used to create temporary variables that are 
created upon entry into a block and destroyed upon 
exit. For example: 

#include "stdio.h" 
linclude "conio.h" 

main( ) 

{ 

for (;;) ( 

if(getche( )=='a / ) ( 

auto int t; 

w «/•• 

for(t=0; t<'a'; t++) 
printf("%d ", t); 

" } - 
) 

} 
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In this example, the variable t is created only if the user 
strikes an a. Outside the if block, t is completely un¬ 
known; and any reference to it would generate a com¬ 
pile-time syntax error. The use of auto is completely 
optional since all local variables are auto by default. 


break 

break is used to exit from a do, for, or while loop, 
bypassing the normal loop condition. It is also used to 
exit from a switch statement. 

An example of break in a loop is shown here. 

while(x<100) { 

x = get_new_x( ) ; 

if(kbhit ( )) break; /* key hit on 

keyboard */ 

process(x); 

) 

Here, if a key is typed, the loop will terminate no 

matter what the value of x is. 

A break always terminates the innermost for, do, 
while, or switch statement, regardless of any nesting. 
In a switch statement, break effectively keeps program 
execution from "falling through" to the next case. (Refer 
to the switch section for details.) 


case 

case is covered in conjunction with switch. 
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char 

char is a data type used to declare character variables. 
For example, to declare ch to be a character type, you 
would write 


char ch; 

In C, a character is one byte long. 

const 

The const modifier is used to tell the compiler the 
variable that follows cannot be modified. It is also used 
to prevent a function from modifying the object pointed 
to by one of its arguments. 


continue 

continue is used to bypass portions of code in a loop 
and force the conditional test to be performed. For 
example, the following while loop will simply read 
characters from the keyboard until an s is typed. 

while(ch=getche( )) { 

if(ch!='s') continue; /* read another char */ 
process (ch); 

) 

The call to processf) will not occur until ch contains the 
character's.' . > 
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default 

default is used in the switch statement to signal a 
default block of code to be executed if no matches are 
found in the switch. See the switch section. 

* 

do 

The do loop is one of three loop constructs available in 
C. The general form of the do loop is 

do { 

statements block 
} while(conch'tion); 

If only one statement is repeated, the braces are not 
necessary, but they add clarity to the statement. 

The do loop is the only loop in C that will always 
have at least one iteration because the condition is tested 
at the bottom of the loop. 

A common use of the do loop is to read disk files. 
This code will read a file until an EOF is encountered. 

do { 

ch = getc(fp); 
printf("%c", ch); 

) while(!feof(fp)); 

double 

double is a data type specifier used to declare double¬ 
precision floating-point variables. To declare d to be of 
type double you would write the following statement. 
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double d; 


else 

See the if section. 


enum 

The enum type specifier is used to create enumeration 
types. An enumeration is simply a list of objects. Hence, 
an enumeration type specifies what that list of objects 
consists of. Further, an enumeration type variable may 
only be assigned values that are part of the enumeration 
list. For example, the following code declares an enu¬ 
meration called color and a variable of that type called 
c and performs an assignment and a condition test. 

linclude "stdio.h" 

* 

enum color (red, green, yellow); 
enum color c; 

main ( ) 

{ 

c = red; 

if(c==red) printf("is red\n") ; 


extern 


The extern data type modifier is used to tell the com¬ 
piler that a variable is declared elsewhere in the pro¬ 
gram Th.s is often used in conjuction with separately 
compiled files that share the same global data and are 
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linked together. In essence, it notifies the compiler of a 
variable without redeclaring it. 

As an example, if first was declared in another file « 
as an integer, the following declaration would be Used 
in subsequent files. 

extern int first; 

float 

float is a data type specifier used to declare floating¬ 
point variables. To declare f to be of type float you 
would write 

float f; 


for 

The for loop allows automatic initialization and in¬ 
crementation of a counter variable. The general form is 

for(initialization ; condition; increment) { 
statement-block 

) 

If the statement-block is only one statement, the braces 

are not necessary. *. . 

Although the for allows a number of variations, 

generally the initialization is used to set a counter vari 
* able to its starting value. The condition is generally a 
relational statement that checks the counter variable 
against a termination value, and the increment incre¬ 
ments (or decrements) the counter value. 
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The following code will print hello ten times. 

f o r (t = 0; t<10; t++) printf("hello\n"); 


goto 

The goto causes program execution to jump to the label 
specified in the goto statement. The general form of the 
goto is 

goto label; 


label : 

All labels must end in a colon and must not conflict 
with keywords or function names. Furthermore, a goto 
can only branch within the current function, and not 
from one function to another. 

The following example will print the message right 
but not the message wrong. 

goto labl; 

4 printf("wrong") ; 
labl: 

printf("right"); 

* 

if 


The general form of the if statement is 
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[{{condition) { 
statement block 1 

} 

else { 

statement block 2 - 

}• • 

If single statements are used, the braces are not needed. 
The else is optional. 

The condition may be any expression. If that expres¬ 
sion evaluates to any value other than 0, then statement 
block 1 will be executed; otherwise, if it exists, statement 
block 2 will be executed. 

The following code fragment can be used for key¬ 
board input and to look for a 'q' which signifies ’’quit." 

ch = getche ( ); 
if(ch=='q') { 

printf("program terminated"); 
exit (0) ; 

} 

else proceed( ); 


int 

int is the type specifier used to declare integer variables. 
For example, to declare count as an integer you would 
write 


int count; 
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long 

long is a data type modifier used to declare double 
length integer variables. For example, to declare count 
as a long integer, you would write 


long int count; 


register 

The register modifier is used to request that a variable 
be stored in the way that allows the fastest possible 
access. In the case of characters or integers, this usually 
means a register of the CPU. To declare i to be a register 
integer, you would write 

register int i; 


return 

The return statement forces a return from a function 
and can be used to transfer a value back to the calling 
routine. For example, thefollowing function returns the 
product of its two integer arguments. 

mulfint a, int b) ' 

( - . 
return (a*b); 

} 

Keep in mind that as soon as a return is encountered, 

the function will return, skipping any other code in the 
function. 

j 
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short 

short is a data type modifier used to declare small 
integers. For example, to declare sh to be a short integer 
you would write 

short int sh; 


signed 

The signed type modifier is most commonly used to 
specify a signed char data type. 

sizeof 

The sizeof keyword is a compile-time operator that 
returns the length of the variable or type it precedes. If 
it precedes a type, the type must be enclosed in paren 

theses. For example, 

printf("%d", sizeof(int)); 

will print 2 for many C implementations. 

The sizeof statement's principal use is in helping to 
generate portablcycode when that code depends on the 
size of the C bunt-in data types. 


static 

The static keyword is a data type modifier used to 
instruct the compiler to create permanent storage for 
the local variable that it precedes. This enables the 
specified variable to maintain its value between func- 
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'\ 

tion calls. For example, to declare last_time as a static 
integer, you would write 

static int last time; 


struct 

The struct statement is used to create complex or con¬ 
glomerate variables, called structures, that are made up 
of one or more elements. The general form of a structure 
is 

struct struct jiame { 
type elementl; 
type elemetit2; 


type elementN; 

} structure_variable_name; 

The individual elements are referenced using the dot or 
arrow operators. 

switch 

The switch statement is Cs multi-path branch state¬ 
ment. It is used to route execution in one of several 
ways. The general form of the statement is 
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switch (variable) { 

case (constantly, statement-set 1; 
break; 

case (constant2): statement-set 2; 
break; 


case (constant N): statement-set N; 
break; 

default: default-statements; 

) 

Each statement-set may be one or many statements long. 
The default portion is optional. 

The switch works by checking the variable against 
all the constants. As soon as a match is found, that set 
of statements is executed. If the break statement is 
omitted, execution will continue until the end of the 
switch. You can think of the cases as labels. Execution 
will continue until a break statement is found or the 
switch ends. 

The following example can be used to process a 
menu selection. 

ch => getche ( ) ; 

switch (ch) ( 

case 'e' : enter( ) ; 
break; 

case ' 1': list( ); 
break; 
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oaae ' a' : sort ( ) ; 
break; 

caso 'q' : exit (0) ; 

default: printf("unknown command\n"); 
printf("try agatn\n"); 


) 

* 

typedef 

The typedef statement allows you to create a new name 
for an existing data type. The data type may be one of 
the built-in types or a structure or union name. The 
general form of typedef is 

typedef type-specifier new-name ; 

For example, to use the word ’balance in place of 
"float," you would write 

typedef float balance; 

union 

The union keyword is used to assign two or more 
variables to the same memory location. The form of the 
definition and the way an element is referenced are the 
same as for struct. The general form is 

union union-name { 
type elementl; 
type element2; 


type elementN ; 

) union variable-name ; 
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unsigned 

The unsigned type modifier tells the compiler to elim¬ 
inate the sign bit of an integer and to use all bits for 
arithmetic. This has the effect of doubling the size of the 
largest integer, but restricts it to only positive numbers. 
For example, to declare big to be an unsigned integer 
you would write 

unsigned int big-; 

void 

The void type specifier is primarily used to explicitly 
declare functions that return no (meaningful) value. It. 
is also used to create void pointers (pointers to void) 
that are generic pointers capable of pointing to any type 
- of object. 

I 

volatile 

The volatile modifier is used to tell the compiler that a 
variable may have its contents altered in ways not 
explicitly defined by the program. Variables that are 
changed by the hardware, such as real-time clocks, 
interrupts, or other inputs are examples. 

while 

/ 

The while loop has the general form 

whil e(conditiori) { 
statement block 
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If a single statement is the object of the while, the braces 
may be omitted. 

The while tests its condition at the top of the loop. 
Therefore, if the condition is false to begin with, the loop 
will not execute at all. The condition may be any expres¬ 
sion. 

An example of a while follows. It will read 100 
characters from a disk file and store them in a character 
array. 

t = 0; 

while(t<100) { 

s[t J = getc (fp); 
t++; 


9 
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tion you need to program in C. And the 
best part is you can learn on your own 
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j 

Teach Yourself C includes numerous 
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your programming (abilities grow lesson 
by lesson. 

s v 1 

By the final chapter, you will have a 
solid command of C programming 
principles enabling you to, write effective 
programs. You'll also be prepared to 
work with OS/2 '. UNIX* and other 

programs written in C. 
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